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PERIODIC REVERSAL OF HEART BEAT IN THE 
PROLARVA OF A GYRINID 
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Davis 
membranes. It was observed that the heart commenced beating approximately 
at the same time that the tracheae filled with gas, namely some 32 hr before 
hatching 


NUMBER Of CONS rivt BEATS OF HEART FORWARD AND 
BACKWARD FOR THREE INDIVIDUAI 


Individus Individual ¢ 


Forward 


heart first began beating it functioned rather irregularly, but late 


re less variable. In eggs containing prolarvae that were either close 
of hatching or in the actual process of hatching, nearly the entire 


length of the heart and aorta were visible in the prolarvae when viewed from the 
’ 


sid Details of structure could not be ascertained through the semi-opaque 


larval body, but the direction of the peristaltic wave could be seen very clearly 


vas observed that the direction of the passage of the peristaltic wave reversed 


periodically \t 27 C the rate forward was somewhat irregular, ranging from 


36 to 48 beats per min (average 41-4 beats per min). ‘The reverse beat was much 


slower, averaging 15-8 be 


ats per min (range 15—16 beats per min). Counts of the 
consecutive forward and backward beats of the heart in three representative 
individuals are shown in ‘lable 1 


It will be observed that the number of consecutive beats forward was from 


ibout 2°5 to 7-0 times greater than the number of reversed beats. ‘The overall 


averages W 6-9 beats backward and 25-8 beats forward. On the other hand, 


consid ring that the rates of the beat were ditterent, the reversed beat occurred 


on an average of 41-2 per cent of the time, and the forward beat 58-8 per cent of 
the time. As described by ‘TrrReLuii (1936), GEROULD (1929b), and others in various 


insects, the change of direction from forward to backward in the gyrinid prolarvae 
was accompanied by 


long pause (4-5 sec) during which time the heart was 
motionless, but no such pause occurred with the change from backward to 
forward 

Che point of origin of the reverse beat could not be definitely determined 


Reversals could be traced even as far forward as the aorta in the first thoracic 
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segment, but they could not be observed in side view any further forward. However, 
they probably originated in the head at the very tip of the aorta. This was 
suggested by observation of a specimen examined from the ventral side in such a 
position that the tip of the aorta could be seen but the heart and the remainder of 
the aorta were hidden. The aorta contracted regularly, extruding a few corpuscles 
with each beat. Then for a time, evidently during the reversed phase, the aorta 
tip would contract at a much slower rate, and no corpuscles came forth 

hus in the prolarvae of Dineutus assimilis the heart beat ordinarily originaté 
in an effective pacemaker at the posterior end of the heart, and the wave of contrac 
tion passes forward. Unlike the situation in most normal larvae of those speci 
where it has been described, from time to time this pacemaker fails to function, 
whereupon the automaticity of the more anterior regions of the heart (o1 
aorta) takes precedence. ‘The intrinsic rate of the anterior pacemaker is lower 
that more posteriorly, and therefore the posterior end, when it functions, domit 
the heart action 

Several hypotheses have been set forth concerning the cat 
reversal in insects [CO, accumul: ) (BATAILLON, 1893) 
(GEROULD, 1929b); occlusion of sinuses by histolvsing tissu: 


metabolic gradient (GEROULD, 1931): lack of oxy 


tracheation (YOKOYAMA, 1929. 32): and dominat nor ipid pacemaker 


(Tenney, 1953; Davis, 1956, and present paper)| ll such explanations will 


remain partial or speculative until rreater amoul pecific dat: ivailabl 
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UEBER DIE FLUORESZIERENDEN STOFFE (PTERINE) 
IN DEN MECONIEN DER WILDRASSE UND DER 
MU'TANTEN WHITE UND ROSY? VON DROSOPHIL. 
WVELANOGASTER 


R. KURSTEINER 


Abstract 





N, 1959a, b). Es zeigte sich bisher, dass mit 


bei Drosophila in grésserer Quantitat gefundenen 


rinen gehoret 
iugigen Mutante white wurden im Kérper von Larven und 
fluoreszierende Stoffe gefunden als bei Imagines (HADORN, 
Feststellung ¢ . die Meconien, d.h. die erster 
dem Schlipfet I ! ! zu untersuchen, um festzustellen, 
sgeschieden werder ko rezeigt werden, 
hiedene fluoreszierend otte enthal 
jualitativ und quantitativ reichhaltiger ist 

lbkérper, der Rest des larvalen 

oreszenzstofte. ngeget vor Malpighischer 

isgeschiedenen griinen Exkrete. In der vorliegendet it wird di 
y des white-Gens auf den Exkretstotfwechsel im Vergleich zum Wildtyp 
untersucht und auf das gan ventar ; juoreszierenden Stoftfet 
entdeckte 
erste! Ti! lus I ad von 
Das pleiotro rkuns uster umfasst 
Verminderung igenpigmente, 

terine, Akkun 1 von 2-Amino-6-hvydrox\ 
Veranderungen bei anderen Pterinen, 
pighischen Gefassen (HADORN und 
HADORN und Grar, 1958; 

nte eine Nicht-Autonomi« 
opterin 
1958: (,OLDS« 1.\ DT und 
et al. (1956) konnten im Wildtyp von Drosophila das Ferment 
lehydrogenase nachweiser welches die Oxydation von 2-Amino-6- 
pteridin zu Isoxanthopterin und von Hypoxanthin tiber Xanthin zu 
re katalysiert. Der Mutante rosy" fehlt dieses Enzyn womit ein Hauptphan 
, die Akkumulation von 2-Amino-6-hydroxy-pteridin und Hypoxanthin 
Fehlen von Isoxanthopterin und Harnsdure geklart ist. Auch die Nicht- 
des rosy*-Gens lasst sich nun verstehet Ob die anderen Phine von 
ebenfalls mit dem Fehlen der Xanthindehvdrogenase in direktem Zusammen- 
r stehen, ist heute noch unklar. Gleichzeitig wurde bei einer weiteren Mutante 


Drosophila melanogaster, bei maroon-like, die rosy? weitgehend gleicht, det 


j 


lermentausfall festgestellt (Forrest et al., 1956: GLASSMAN, 195 

et al., 1959) 
Di biochemischen Befund an ro leget es nahe. nun auch das Stofhinventar 
\Vleconien dieser Mutante im Vergleich zun Wildtyp und zur Mutante white 
untersuchen. Dabei wird im besondern auch auf geschlechtsspezifische 


rschi de geac htet 
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irden alle Arbeiten soweit als 


3. STOFFINVENTAR 


\bb. 1 zeigt das Muster der fluoreszierenden Stoffe in zweidimensionalen 
togrammen, wie wir es aus den Exkreten von je 100 frischgeschliipften 
[magines des Wildtyps und der beiden Mutanten white und rosy erhalten. Auf 


den ersten Blick fallt die grosse Zahl von Stoffen auf. Dabei ist aber zu bedenken, 
dass im die Exkrete von 100 Tieren handelt, wahrend auf Chromato- 


ammen, au nur Material aus wenigen Individuen aufgetragen ist, nicht so 
le Flecken sichtbar werden. Wenn wir also Stoffe feststells n, die bis jetzt we det 


och Puppen noch Imagines gefunden wurden, so heisst das nicht, 


nicht vorkommen. Sie kénnen dort in zu geringer Konzentration 


vorhanden se! 


iW 


auf dem Chromatogramm nicht sichtbar werden oder 


S( dass Sic 


uoreszierende oder absorbierende Stoffe tiberdeckt sein. Mindestens 


T 
Cl I 
, ' } 
] irc! indert tl 


h geschliipften Imagines, bei denen wir die Meconien ja mit 
alle von uns festgestellten Stoffe auch vorhanden 


1 Stotte, die wir auf unseren Chromatogrammen finden, bei 
{1 Imagines wahrscheinlich nur in geringer Quantitét vorkommen odet 
\bbauprodukte nur voriibergehend auftreten, wissen wir tiber ihre 


itur noch sehr wenig. In der Benennung dieser unbekannten Flecken 
ADORN und MITCHELL (1951), welche die Flecken in eindimensionalen 
Fl 1-7 bezeichneten. Fiir unsere zweidimensionalen 
diese Bezeichnungen durch kleine Buchstaben erginzt, 
werden 

r R.-Werte und der Fluoreszenzfarbe eine Identitat 

bei Drosopiila gefunden wurden, vet 
xkretstofh | chemisch reine Substanz 


i nisch reine Stott identisch 


aiesel 


Vlethode 

liissigen Beweis fiir die Identitat zweier Stofk 
ift wurden, die bei Drosophila tatsaichlich schon 

guten Griinden angenommen werden, dass dic 

bekannten identisch sind \usserdem wurden die 

nem Exkret-Chromatogramm ausgeschnitten und parallel zu den 

eI stanzen mit verschiedenen Lésungsmitteln nochmals chromatographiert. 
Bei d mit IX (IXa und IXb) bezeichneten Stoff handelt es sich um 
lsoxanthopterin (VISCONTINI et al., 1955a; Nawa und Tarra, 1954; Forrest und 
1955). IXa ist ein Rest von Isoxanthopterin, der in der zweiten 

des Chromatogramms nicht mitgewandert ist. Isoxanthopterin ist in 


und w vorhanden, fehlt aber bei ry. Da das Fehlen von 


onien von 
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Isoxanthopterin fiir die Mutante rosy charakterisch ist (HADORN und SCHWINCK, 
1956a, b), war dieser Befund zu erwarten. Anderseits ist dadurch auch bestiatigt, 
dass IX bei + und w tatsachlich Isoxanthopterin ist 
Bei HB handelt es sich um ein Gemisch von HB, (2-Amino-6-hydroxy- 
idin. VISCONTINI et al., 1955a, b; Forrest und MITCHELL, 1955; VISCONTINI 
und WEILENMANN, 1958; Logser, 1958) und HB, (Biopterin, L-erythro-2-amino- 
ydroxy-8-dihydroxypropyl-pteridin. Forrest und MITCHELL, 1955; VISCONTINI 
1958; VisconTINI, 1960). Diese beiden Stoffe lassen sich mit Propanol 
niak und Butanol—Eisessig—Wasser schlecht trennen. Werden die HB- 
’ auf ein anderes Chromatogramm tibertragen und parallel mit den reinen 
Substanzen HB, und HB, in 3-prozentigem Ammoniumchlorid als Fliessmittel 
iufen gelassen, so zeigt es sich deutlich, dass es sich bei den mit HB in den 


he 
Exkreten bezeichneten Flecken um ein Gemisch der beiden HB-Pterine handelt, 


wobei das HB, iiberwiegt. Das quantitative Verhaltnis der beiden konnte nicht 
bestimmt werden. Beide HB-Stoffe finden wir in den Meconien aller ‘Typen 


als grossen, intensiven Flecken vereinigt. 


Der dritte Stoff, der in den Exkreten bei allen untersuchten Genotypen in 
groésserer Konzentration auftritt, ist der eigenartig in die Lange gezogene F1 4/5a 
Ob es sich dabei um einen oder zwei Stoffe handelt, konnten wir nicht entscheiden. 
In einigen Chromatogrammen scheint es, als ob es sich um zwei beieinander 
liegende Stoftfe handeln wiirde: anderseits gelang es nicht, mit einem andern 
Lésungsmittel diesen Flecken aufzuteilen. Bei Puppen und Imagines des Wildtyps 
kommt er zwar auch vor, besonders bei den Miannchen, jedoch nur in geringer 
Konzentration (G. HANDSCHIN, unver6dffentlicht). Ueber seine chemische Natur 
ist vorlaufig noch nichts bekannt 

Bei den nur in geringer Quantitit vorhandenen Stoffen zeigt sich, dass der 
blaue Flecken PC mit 2-Amino-6-hydroxy-pteridin-8-carbonsaure (VISCONTINI 
et al., 1955b; VISCONTINI et al., 1956b) identisch ist. Wahrscheinlich handelt es 
sich bei Fl 2d bei + und w um denselben Stoff. Weil er aber meistens von 
Isoxanthopterin teilweise tiberdeckt wird und in unsern Chromatogrammen von 
diesem nicht genau abgegrenzt werden konnte, haben wir diesen Flecken deshalb 
nicht weiter beriicksichtigt. Da Pteridin-8-carbonsaure auch ein Photolyseprodukt 
von HB, ist (VISCONTINI et al., 1956b), sollte sie auch in den +- und w- 
Chromatogrammen anzutreffen sein. Beim griinblauen Stoff XP handelt es sich 
um Xanthopterin (ZIEGLER und Haporn, 1958). Der ‘oberhalb’ von Isoxantho- 
pterin liegende, ebenfalls blaugriin fluoreszierende Stoff 3e ist nach ZIEGLER und 
HADORN (1958) und VisconTINI et al. (1956a) ein dem Xanthopterin sehr ahnliches 
Produkt. Wir finden es bei allen drei untersuchten Genotypen, wihrend das 
Xanthopterin nur beim Wildtyp in grésserer Quantitit vorkommt; bei w sind 
davon nur Spuren zu sehen und bei ry fehlt es. Der gelbe Flecken SP besteht aus 
Sepiapterin (Forrest und MitTcHeti, 1954a,b; ZrecLerR und Haporn, 1958; 
VISCONTINI und M6OHLMANN, 1959a, b). Da Riboflavin (ViscontTiIni et al., 1955a) 
nahezu die gleichen R.-Werte besitzt wie Sepiapterin, wurde unser Flecken noch 


auf ein neues Chromatogramm tibertragen und wihrend einiger Stunden belichtet 
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Dabei entsteht die blaue Pteridin-8-carbonsaure, die wir ebenfalls beim Belichten 
von Sepiapterin erhalten (ForREsT und MiTcHet, 1954a). Die Identitat zwischen 
unserm Stoff SP und Sepiapterin ist damit bewiesen. Auf Grund der R,-Wert 
darf geschlossen werden, dass ISP mit Isosepiapterin identisch ist (VISCONTINI und 
MIGHLMANN, 1959a,b; VIsCONTINI, 1960). Weil unser Stoff jedoch nur in 
schwacher Konzentration vorhanden ist und wir kein reines Isosepiapterin erhalten 


konnten, konnte dies nicht geniigend geklirt werden. Die Mutanten w und ry 


scheiden sowohl Sepiapterin als auch sehr wenig Isosepiapterin aus, wahrend bei 


nur bei den Weibchen Spuren von Isosepiapterin nachzuweisen sind 


‘ 


Von den chemisch unbekar 
ry-\Mannchen einen schwacher 
Zwei we Ibe (2¢ 5 } ul 
wahrend 2f mit dem bei 
hands It sich vermu 
mdglicherweise mit 
De ViIncentus (1955) 1 

wir 
lers bei at 
ir +-Mannchen 
3k (blau) kommt nur 
aut Ein schwacl 


M innchen zu s¢ he n 


hellblauen Flecken 4 

Bereich von FI 6 find 
doch konnten wir keine Ges 
deshalb nicht weiter beriicksicl 
bezeichnet haben (HADORN 
sehen. Wir konnten aber } 
den Stoff handelt, der et 
Fluoreszenz aller andet 
Fluoreszenzintensitit 
erreicht. Dann nimmt 
gelassen 

Zusammenfassend kénnen wir feststellen, dass bei den drei Genctypen di 

blau fluoreszierenden HB-Stoffe, Isoxanthopterin (IX) und 4/5a die gréssten und 
intensivsten Flecken liefern, wobei der Mutante ry das Isoxanthopterin fehlt 


Bei den Mutanten w und ry ist das gelb« 


Sepiapterin (SP) regelmissig vorhanden, wahrend es beim Wildtyp fehlt 
Xanthopterin (XP) ist nur bei + regelmassig vorhanden, wahrend der verwandt 
Stoff 3e bei allen drei Genotypen zu finden ist. Die beiden Mutantet 


gegeniiber dem Wildtyp eine Vermehrung der fluoreszierenden Stotfe, wobei aber 
ZU 


Fiir ry typisch sind die gelben 2e und 2¢ 
I 


alle diese Stoffe nur schwach fluoreszieren und von Chromatogramm 
Chromatogramm in ihrem Vorkommen oft stark variieren. Es lasst sich nicht 
feststellen, dass der eine oder andere Stoff fiir ein Geschlecht typisch ist | inzig 


3i haben wir nur bei Miannchen gefunden, aber nur bei + und ry und auch da 
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nicht regelmassig. Verglichen mit anderen Chromatogrammen von Drosophila 


fallt auf, dass die roten Drosopterine in den Meconien fehlen. Wir werden auf 


diese Tatsache nochmals zu sprechen kommen (S. 28) 

Wie VISCONTINI (1960) und andere Autoren herausgefunden haben, handelt 
es sich bei allen bis jetzt untersuchten fluoreszierenden Stoffen, die bei Drosophila 
in grésserer Quantitat vorkommen, mit Ausnahme des gelben Riboflavins, um 
Pterine Ob jedoch alle fluoreszierenden Stofte in den Exkreten Pterine sind, ist 
fraglich. Es kénnte sich auch teilweise um Abbauprodukte handeln, die zu anderen 


chemischen Stoffgruppen gehéren 


t+, QUANTITAT DER FLUORESZIERENDEN STOFFI 
Die Tabelle 1 zeigt die Mittelwerte der Fluoreszenzintensitaten der einzelnen 
Flecken aus je 6 Chromatogrammen. Wir sehen, dass die gréssten und optisch 
intensivsten Flecken IXb (Isoxanthopterin), HB (HB, = 2-Amino-6-hydroxy- 
pteridin und HB, = Biopterin) und Fl 4/5a auch die gréssten Messwerte zeigen 


wir uns zuerst zuwenden. Die Abb. 2 zeigt die einzelnen Messwerte 
Stott Mit Hilfe l t-' wurde geprult, ob die Werte det 


Genotypen statistiscl voneinander gesichert verschieden sind 
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Isoxanthopterin. Der Mutante rosy fehlt Isoxanthopterin véllig. Beim Wildtyp 
und bei der Mutante white sind die Werte fiir die Mannchen hoéher als fiir die 


Weibchen: bei + ist diese Abweichung nicht gesichert, bei w gesichert. Die 
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Vlittelwerte fiir das Isoxant! 

der Unterschied zwischen det 

gesichert ist Diese Befu 

ausscheidet als white, deck 

und KURSTEINER, 1955) 

veranderten und inzwischen verbesserten M 

Der auf der Startlinie von Butanol—Eisessig—Wasser liegen geblieben 
Isoxanthopterin (I[Xa) wurde ebenfalls gemessen, wobei es sich zeigt, 
Messwerte ungefahr zehnmal kleiner sind als bei IXb. Ein statistischer 
von IXa bei den drei Genotypen eriibrigt sicl 





R. Ktrs 


HB-Pterine. Fiir die HB-Pterine ist beim Wildtyp ein deutlicher Geschlechts- 
interschied festzustellen Die Messwerte fiir die +-Weibchen liegen im 
Durchschnitt dreimal héher als bei den +-Mannchen. Es fragt sich, ob beim 
Miannchen von den beiden Komponenten (HB, und HB,) die eine fehlt. Durch 


Vir 


Ammoniumchlorid 
VIeconien der + -Miannchen 
zeigt sich fiir die Mannchen 
den Weibchen nicht gesichert 1st 
lie tiefster inzelwert n Mannchen 


Viitte lwe rt 


hert werden 


} 


ert verschieden 


aUS als alle anderen 


deutlichsten | 
di Werte 
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Weibchen wenig héher als fiir die Mannchen. Statistisch gesehen kann di 


Tatsache aber auch auf Zufall beruhen. Die Mutante white zeigt 


Fluoreszenzintensititen als rosy und rosy die héheren als wild 


| 
? 


Zusammenfassend kénnen wir tiber die drei in den Exkreten stark vertretet 


Stotte folgendes aussagen: Wahrend die Messwerte fiir 4/5a bei den Weibcl 


verglichen mit den Mannchen leicht héher sind, sin fiir lsoxanthopterin 
HB—mit Ausnahme des HBs beim Wildtyp—bei 
den Weibchen Statistisch sind 
rschieden w scheidet wenig 
Saalsri und ry wieder itl 
eigen die HB-Stoffe bei wil 
\Vleconien aufweiset 


eT 


er! 





hen mehr 


rEROZYGOTI 
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» P>0,01), 


2.06, P>0,05) 


wahrend er bei den 
Der dem 
Zwischen Weibchen 
2, Ff Die 
gesichert, weder 

1,92, P 


Zusammen f 


-ry-Miannchen geringe Mengen 


\ ebenfal ; leicht erhodht 


iterschied fe tellbar (1 1,5 


0.05) 


sind statistisch jedoch nicht 


noch bet den Vldnnchen (?f 


ind Nar 


US) 


ibchen nchen 2 08 


Stoft % 6.6? 


Stoft 


ipcnen t K 


| 3d fehlt 


ry-Weibcher 


hen ist er nur in Spuren 


aer ? -Mannchen nic 


ry-Miannchen feststellbar 


se Uebereinstimmung vé 
n auf, fehlt 
\lanncher 


0.05 


nm 


aber 


ichert 
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Zusammenfassung. Wir kénnen die wichtigsten Resultate aus den Chromato- 
grammen von w:ry wie folet zusammenfassen Qualitativ zeigt sich eine gross« 
Uebereinstimmung mit rj Nur bei zwei kleinen, unbedeutenden Flecken 
verhalt sich w; ry wie w und zwar vor allem bei den Mannchen. Die Messwerte 
der Intensitit liegen teils zwischen w und ry, teils héher als w und als ry. Dies ist 
vor allem beim Sepiapterin, beim Isosepiapterin und beim gelben Fl 2g der Fall 


len 


Von der Pteridin-8-carbonsiure ist bei w; ry- und ry-Mannchen mehr zu fine 
als bei Weibchen; bei den Miannchen von w; ry lasst sich zudem mehr nachweisen 
als bei ry. Bei Fl 3e, dem Xanthopterin-ahnlichen Stoff, finden wir leicht héher 
Messwerte, die aber gegeniiber ry nicht gesichert werden kénnen. Bei Fl 4/5a liegen 
die Messwerte fiir w; ry statistisch gesichert zwischen w und 7 Die HB-Pterin« 
sind bet w: r\ eher stirker vertreten als bei ry, doch lasst sich dies lediglich 
fiir die w:ry-Mannchen verglichen mit den ry-Mannche 

behaupten (Tabelle 4) Zur Di utung der Resultat 


Diskussion (S. 23) 


FUTTTERUNGSVERSI iE MIT ISOXAN'THOPTERIN 


+ 


Bei der Mutante rosy sind di ten Augenpigmente, di 


lt ihr dis inthindehvdro 


reduziert (HADORN und Grar, 195 Anderseits feh 
yase (ForresT ef al., 1956), w lie Oxydation von 2-Amino-6-hydroxy 
pteridin (HB,) zu Isoxanthopterin katalysiert. Es fr 
nachzuweisen sind zwischen dem Fehlen von Isoxar 
der Drosopterine Es ist ausserdem zu untersuch 
durch den Ausfall vor soxanthopterin bee 
Grunde fiitterten wir rosy-Larven mit [soxanthopteri 
\luster der fluoreszierendet in den Meconiet 
GrRaF et al. (1959) konnten zeigen, dass die Injekti 
ry-Larven nicht zu einer Vermehrung der Drosopterine 
fragten uns einerseits, ob 
inderseits, ob unter | 


Lie 


diese aber nicht in « 
werden 

In einer Zuchtschale von m Durchn wurden 2 mg Isoxanthopterin de 
Futter zugegeben. Im Anfar les dritter tadiu wurden etwa 300-400 
ry-Larven auf di s Futter 
Puppen, vor 
[sox inthopterir 

wurden i 
sehi 

ot schiedenen Isoxantho 

ne wesentlichen Unterschiede zwischer 
Exkreten der normalen ry-Imagines und det 


ry-Imagines. Diese wollen wir im folgenden mi 
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Zusiatzlich zu den fiir ry typischen Flecken tritt ausser dem Isoxanthopterin 
lediglich der blaue Fl 4/5f bei den rv-IX-Mannchen hinzu. Diesen Stoff haben 
wir auch bei w-Miannchen in messbarer Menge und bei w-Weibchen und beim 


TABELLE 5—MITTELWERTE DER FLUORESZENZINTENSITATEN (n 6) FUR 
VIECONIEN VON ry, DEREN LARVEN MIT ISOXANTHOPTERIN GEFUTTERT 


WURDEN (ry-IX 


Bezeichnungen nach Abb. 1 


16.7 46 
spuren 
24,7 4.6 
14,3 


op iren 


— «= 


Wildtyp spurenweise gefunden. Interessanterweise ist es der gleiche Fleck, der 
bei w; ry-Miannchen ebenfalls erscheint, nicht aber bei ry. Die | nterschiede in 
den Mittelwerten zwischen ry-IX und w einerseits und w; ry anderseits sind nicht 
gesichert (tf 1.86 bezw. 0.25, P>0.05). Wir werden auf diesen Flecken in der 


Diskussion nochmals zuriickkommen (S. 24) 


Vom schwachen gelbgriinen Flecken 1b und vom blauen 3i, die bei ry-Mannchen 

vorkommen, ist bei ry-IX nichts festzustellen. Der blaue F1 2f tritt bei den ry- 1 X-Weibchen 

Spuren auf. In der Gegend von 3m findet sich bei ry-ILX ein ziemlich grosser, abet 

st schwacher, kaum messbarer Flecken ; Fluoreszenzfarbe weniger rotviolett 

als eher schwach blau erscheint Ob es sich dabei um den gleichen Stoff wie bei den 

ry-Miannchen handelt, ist nicht eindeutig klar. Von den bei ry in Spuren nachzuweisenden 
Stoffen 3d und 4/5e finden wir bei ry-IX gar nichts 

Die Messwerte von ry-IX wurden mit denen von ry mit dem t-Test verglichen, 

wobei sich fiir die schwachen Flecken in keinem Fall ein statistisch gesicherter 


Unterschied zeigt. Einzig bei den HB-Pterinen und bei F1 4/5a zeigen sich einige 
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Abweichungen. Bei beiden Flecken sind die Mittelwerte fiir die Weibchen wic 
auch fiir die Mannchen bei ry-IX tiefer (Tabelle 5). Statistisch sind die Unter- 
schiede teilweise gesichert, teilweise kénnen sie auch zufillig sein. Bei den 
HB-Pterinen liegt der Gesamtmittelwert (aus Weibchen und Mannchen 
zusammen) bei den gefiitterten ry-Fliegen eindeutig tiefer als bei den normalen 
(t = 4,26, P<0,001). Auch bei Fl 4/5a ist der tiefere Mittelwert der ry-IX- 
Mannchen’ gegeniiber den ry-Miannchen schwach_ gesichert (¢ = 2,31, 
0.05>P>0,01). Diese Tatsachen lassen sich nicht ohne weiteres erkliren. 
Da wir ja nur Isoxanthopterin verfiittert haben und nicht etwa Xanthindehydro- 
genase, ist kaum anzunehmen, dass ein Teil des HB, zu Isoxanthopterin oxydiert 


wurde. Wir glauben eher, dass das Isoxanthopterin als Hemmstoff in den 


Stottwechsel eingreift Die Schliipfrate der mit Isoxanthopterin gefti 


ry-Fliegen ist kleiner als bei ry und die Entwicklung in der Metamorphos« 

bis zu einem Tag verzégert. Auch die Lebensdauer d yhne Futter und Wasse1 
gehaltenen Fliegen ist bei den mit Isoxanthopterin gefiitterten rosy etwa 
halben ‘Tag kiirzer als bei den normalen ros enge des aufgenommer 
Isoxanthopterins ist ja \ grésser, als au un Vittelwert 


[soxanthopterins in den Exkret-Chromatogrammen annehmen kénnte. W 


die Abdomina mehr als drei Tage alter Imagines, die ihre ersten Exkret 


ibgelegt haben, chromatographie1 
[soxanthopterin, das also n 

hert wird, wurde nicl 
h einig 


1ui¢ ( 


Larven mit 

urden. Das Stoftfmuster di 

n anderen Chromatogramm 
wertet, doch sind nach der 
Unterschiede festzustellet 

Nebenbei haben wi 
Chromatogrammen (Propanol ! yniak, 2 gemesse! 
héheren Werte der ry-[X-Koépte yey ul denet det 
beruhen bei den Miannchen auf Zufall (i 1,01, P>0,05), 
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wahrscheinlich ebenfalls (¢ = 2,15, P~ 0,05) 


Die mit der doppelten Isoxantho- 
pterin-Menge gefiitterten Fliegen (ry-IX*) weisen gegeniiber ry eher 


Drosopterinwerte auf: bei den Méannchen ist dieser Unterschied 


tiefere 
gesichert 
3 0). P<0.01). Dieser letztere Befund bestitigt vielleicht unsere Vermutung, 
las zugefiihrte Isoxanthopterin im Stotfwechsel eine 

ausubt Dir 


gewisse store nde 
vergleichsweise gemessenen Képfe des Wildtypus weisen 
gegeniiber den normalen und gefiitterten ry-Genotypen einen we sentlich héheren 
Dros pterin-Gehalt « (7 6.1, P<0,001) 





FLU ORESZIERE* 


Chromatogrammen von wild und white ist vor allem Harnsdure festzustellen 
(DANNEEL und Escuricu, 1957: Aur per Maur, 1961). Bei der Extraktion der 
Exkrete mit Methanol-Ammoniak wird die Harnsadure allerdings schlecht gelést 


| 


und erscheint somit in unseren Chromatogrammen nicht als deutlicher Fleck 


Bei rosy finden wir mit ahnlichen R,-Werten wie die HB-Stoffe drei absorbierend« 
Flecken (Abb. 3). Mit der gleichen Methode wie bei den fluoreszierenden Stoften 
(S. 8) konnte nachgewiesen werden, dass es sich bei dem mit HX bezeichneten 
Stott um Hypoxanthin (MircHe ct et al., 1959) und bei X um Xanthin handelt 
Ueber die chemische Natur des dritten Stoffes (y) ist uns nichts bekannt. Dic 
Umwandlung von Hypoxanthin in Xanthin und Harnsdure wird ebenfalls durch 
die Xanthindehydrogenase katalysiert (HADORN, 1956a, GLASSMAN’ und 
\VirrcHe.L.L, 1959). Es war deshalb zu erwarten, dass auch in den Meconien von 
ry und w;ry an Stelle von Harnsdure Hypoxanthin vorkommt. Die Menge der 
ausgeschiedenen absorbierenden Stoffe in unseren Chromatogrammen aus den 


} 


Exkreten von je 100 ‘Tieren ist so gross, dass die Flecken zum Teil nicht getrennt 


ersche inen \ IS det (,Tross¢ det | lecken lasst sich ohne weiteres schli ssen., i 


LUidssS 
| 


mindestens fiinfmal mehr Hypoxanthin als Xanthin ausgeschieden wird 


ich ZW 


Unterschied zwischen Weibchen und Miannchen besteht kaun \ 


ry und w: ry sind keine Unterschiede festzusteller 


» DISKUSSION 
Unsere papierchromatographi rsuchi 
Schliipfen der Imagines in den Meconien verschieden 


} 


1LUS¥YCSCI 


vieden werdet Dabei finden wir bei den Mutan 


cheres Stoffmuster als bein ldtvp (Abb. 1 1); 
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las direkt auf Isoxanthopterin zuriickzufiihren ist. Das Isoxanthopterin 
h Oxydation von 2-Amino-6-hydroxy-pteridin bei Gegenwart 
ise (FORREST /. 1956) Neuerdings 
(1960) durch Injektion v ?- Amino-6-hydroxy 
1usschliesslicl idioaktives Isoxanthopterin 
eines anderen Pterins kaum 
uuch das HB, als ‘Abfallprodukt’ 
soxanthopterin bei re und maroon-like ganz 
d MircHe i, 1959), bei den andern Mutanten 
ilb nicht erstaunlich, d: 
\lasse erscheinet 
rt (HADORN und ZI! 
| itterungs 
1usYe schiedet wird 
bei w:rv finden (Tabelk 
gehen Vielleicht stehen si 
nmenhang. Warum gewiss« 
icht aber bei w: ry, obschon 
ir kaum verstehen Vian 


ott oder einer Stofter ippe 


IX 





(,yetassen, 
Mar nchet 
vorhander 
Isoxanthopt 
iff | I de le 
vermutlich « 
Isoxanthopte 
u 


finder 


dem 

fallt det 
empfindlicl 
Beim Wildtvy 
die Meconier 


\i inf cl 
nlich CT 





coniel 


Malpighischen Gefassen in 
aus dem Darn Wohl haben wi 
1955), dass der Gelbkérper in 
en naturlich fluoreszi 
rrassten 
den Malpighischen 
I *' ihrend 


h de m 


, weshalb wi n Exkreten der +- 
hr Xanthopterin finden als bei den Weibchen. Bei ry-Tieren 

in Abfall festzustellen, wahren« Exkreten von ry nichts zu 

ist \llerdings li y-Exkrete reicher am Xanthopterin-ahnlichen 


findet si t in und nur sehr wenig Xanthopterin, was 


bereinstimmt. Wir wissen tiber diese Stofft 
ig nicht zu verstehen sir 1 
d Isosepiapterin Vor 
j 


Nn sich qgies¢ 


Drosopt rime 


Ne pl ipt rin 
I tlicht) 


peim 


wenig Sepiapter 


und Isose pl ipte! 


di pp it homozy 
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tatsichlich eine Vorstufe der Drosopterine sind und wie das ry- bezw. +'¥-Gen 
auf die Bildung der Sepiapterine und der Drosopterine einwirkt. 

In den Meconien konnten wir nur relativ wenig HB, (Biopterin) nachweisen 
(S. 10). Diese Substanz ist mit Sepiapterin chemisch nahe verwandt (VISCONTINI 
et al., 1958). Es ist wohl méglich, dass HB, eine Vorstufe der Sepiapterine ist; 
beide Stoffe sind in allen Organen und Entwicklungsstadien positiv korreliert, 
wie HANDSCHIN (1961) tiberzeugend zeigen konnte. Unsere Befunde scheinen 
einen solchen Zusammenhang zu bestatigen 

Dass wir in keinem Fall in den Meconien Drosopterine gefunden haben, 
erstaunt nicht weiter m Gegensatz zu den anderen Pterinen sind sie ja bei 
Drosophila melanogaster ausschliesslich in den Augen zu finden. Bei anderen 
Drosophila-Arten, wie D. subobscura, D. pseudobscura, und D. obscura haben 
Grar und Haporn (1959) auch in den Hoden, deren Hille rot pigmentiert ist, 
Drosopterine nachweisen kénnen 

Der Geschlechtsunterschied in der Pteridin-8-carbonsaure ist nicht von 
Bedeutung. Da sie ein Photolyseprodukt des HB, und des Sepiapterins ist und 
diese Stoffe bei den Mannchen auch eher stirker vertreten sind, lasst sich dies 
ohne weiteres verstehen 


Irgendwelche Erklirungsversuche der genotypischen und geschlechtsspezi- 


fischen Unterschiede bei den anderen Stoffen, deren chemische Natur und 
physiologische Bedeutung unbekannt sind und die fast alle auf die Exkrete 


1 


beschrankt sind, ertibrigen sich 

inz allgemein kann man sagen, dass von den Pterinen in den Meconien vor 
lie ‘Abfallprodukte’ Isoxanthopterin und HB, zu finden sind, wahrend die 
\ugenpigmentbildung wichtigen Stoffe, die Sepiapterine und Drosopterine 


verschwindend kleinen Mengen oder tiberhaupt nicht auftreten 


10. ZUSAMMENFASSUNG 
zweidimensionaler Papierchromatographie werden die Meconien von 
iuf fluoreszierende Stoff 
reichhaltige 


Vilutanten meist 


den fluoreszierender tt Vleconien haben 


\mino-6-hydroxy\ rid , [soxanthopterin 


) wird mit white und 


rosy" mit Ilsoxanth ypterin ergeben keine wesent- 
ig des Stofhnventars in den Meconien. Der Drosopteringehalt det 
vermehrt 





FLUORESZIERENDI 


MECONIEN 


(g) An ausgeschiedenen Purinen finden wir beim Wildtyp und bei white 
Harnsdure, bei rosy? Hypoxanthin und Xanthin 
(h) Die Ergebniss« 


werden im 


Zusammenhang 
Pteringehalts waihrend der Entwicklung diskutiert. 
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AN UNUSUAL STEROL FROM HOUSE FLIES 


H. C. AGARWAITI J. E. CASIDA, and S. D. BECK 


onsin, Madison, Wisconsu 


Abstract 


INTRODUCTION 
Dietary sterols are required for the growth and development of insects, but the 
sterols that will meet this requirement vary with species. Any individual species 
might, therefore, contain several sterols incorporated from its diet o1 formed in its 
metabolisn Cholesterol, sitosterol, 24-methvlenecholesterol, and 22-dehydro- 
cholesterol have been isolated from insects (BERGMANN, 1934b; BARBIER and 
SCHINDLER, 1959; CLARK and BLocn, 1959). The presence of 7-dehydrocholesterol 
in insects has been indicated on the basis of the Liebermann—Burchard reaction 
(Casipa et al., 1957; Beck and Kapapia, 1957). An additional fast-acting sterol 


was reported from house flies, Musca domestica L., which gives the typical ultra- 


violet spectrum of a conjugated 5-7 diene and a positive test with activated 


dichlorohydrin, as does ergosterol but not 7-dehydrocholesterol (MONROE, 
unpublished data cited in KaApLANis et a/., 1960), but no further information 1s 
available on the structure of this sterol 

3ERGMANN (1949) has indicated that cholesterol may be the typical sterol of 
insects. However, the evidence for the presence of cholest rol in most insects 1s 


not adequate to differentiate it from closely related sterols, the basis for this 
identification normally involving only a positive Liebermann Burchard reactior 
flies wet <amined for the nature of thei 

(AGARWAL and Casipa, 1960 


ublished data cited in KAPLANIS 


nd/or digitonin precipitatior Hous« 


at rol 





STEROL FROM HOUSE FLIES 


MATERIAL AND METHODS 


Insects 

House fly, Musca domestica L., adults of the Chemical Specialties Manufac- 
turers Association (CSMA) 1948 strain obtained from the Wisconsin Ah 
Research Foundation Insecticide Laboratory, Madison, Wisconsin, were 
1-2 days after emergence Che larval media and rearing procedure have 
described (ANON., 1959). Approximately 65,000 adult house flies, maintain 
non-fat dry milk and water until used, were homogenized in acetone 
Lourdes Multi-Mixer. The homogenate was filtered and both the filtrate ar 


residue used in Soxhlet extraction of the sterols. About 355,000 pupal es 


of house flies were separated from debris and 


powder was used directly for extraction of the 


Extraction of sterols 

Ihe residues from the house flies and powdered 
extracted in a Soxhlet Extractor for 24 hr each 
the acetone used being that recovered from the 
acetone and chloroform extracts were combined 
reduced pressure below 25°¢ \ dark brow: 


flies, and a greenish-brown oil from the exu 


by refluxing for 8 hrin the dark under nitrogen ' 

ethanol [he unsaponihabl materia 
distilled water and extracting repeatedly wit! diethy! 
extract was obtained lhe combined ether extracts 
3-4 times, dried over anhydrous sodium sulphate, an 
reduced pressure to yield a thick, dark reddish-brown, 
[his was dissolved in a mixture of acetone—absolute etl 
precipitated as digitonides by the addition of an excess 
in 50 ethanol. It w: roughly mixed and 
ether mixture (1:1), and then with 
After drying the digitonides over < 
regenerated according to the 
from methanol 


( Aromatograpiny of ster 
j 


Chromatographic col 


parts silicic acid and 


boiling range 90-100°C) 
column in a minimal volun 


of freshly distilled benzen 


} 


elution of the sterols | 
reported by LoRAH and W 


fraction was analysed for fast 


(L—B) reaction emplovi 
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260-700 mu were obtained from methanol solutions of the steryl acetate 
(courtesy of Dr. E. J]. EISENBRAUN). 


RESULTS 

From 65,000 adult house flies were obtained 319 mg of crystalline sterols 
(m.p. 124-132°C), an amount corresponding to 0-034 per cent of the fly fresh 
weight. Chromatography of this sterol mixture yielded three main fractions based 
on the Liebermann—Burchard (L—B) reaction (Fig. 1b). The elution positions of 
these three sterols approximately corresponded to those ot cholesterol, A’. 
cholestenol, and 7-dehydrocholesterol (Fig. la). By calculating the amount of these 
fly sterols on the basis of the specific absorbence from the L—B reaction for the 
known sterols eluting in the same approximate positions, the peaks in order of 
elution correspond to 89-9, 6-1, and 4-0 per cent of the total sterols. The first 
eluted sterol was designated as ‘major fly sterol’, the second as ‘fly sterol A’ and 
the third as ‘fly sterol B’. 
Properties of the major fly sterol 

[he major fly sterol eluted from the silicic acid—celite column in the approxi- 
mate position of cholesterol. However, when a small amount of cholesterol-4-!*C 
was mixed with the fly sterol it was found that the peak chromatographic fraction 
for the fly sterol was consistently one tube before the '*C peak, indicating that the 
major fly sterol was slightly less polar than cholesterol. The sterol recrystallized 
to constant melting point from methanol yielded plates, m.p. 145—-146-5°C, and 
gave no depression in m.p. when mixed with cholesterol which melts at 148°C. 


un 37-6" (in chloroform). ‘The response to the L—B reagent was identical to 


that of cholesterol in giving an absorption maximum at 620 my and a maximum 


colour development time of 28 min. It gave no colour with the Rosenheim—Callow 
reagent (ROSENHEIM and CALLow, 1931). Analysis of a 3-7 mg sample yielded 
83-64 per cent carbon and 12-02 per cent hydrogen 

lhe acetate of the major fly sterol crystallized as plates from methanol and 
ethanol, m.p. 135-137°C and [a], 44-3°. A mixed melting point with choles- 
teryl acetate (m.p. 115—116°C) was 114-129°C. ‘To test if this sterol was an isomorph 
of cholesterol, a saturated solution of the major fly sterol acetate in methanol was 
seeded with cholesteryl acetate, but the melting point of the resulting crystals was 
still 135-137°C. On the other hand the crystallization of cholesteryl acetate 
seeded with the major fly sterol acetate resulted in crystals with the melting point 
of cholesteryl acetate. ‘To 12 mg of the major fly sterol acetate was added 9800 
c.p.m. of cholesteryl acetate-'*C and the mixture crystallized repeatedly from 
methanol. ‘The specific activity (c.p.m./mg) was 706, 595, and 565 after the first, 
second, and third crystallizations, the calculated specific activity, if the two 
compounds were identical, being 817. Analysis of a 44mg sample yielded 
81-12 per cent carbon and 11-16 per cent hydrogen 

The benzoate of the major fly sterol crystallized as flat plates from ethanol and 
melted at 141—143°C after repeated recrystallization. [«],, 11-1 Analysis of a 


1-9 mg sample yielded 83-6 per cent carbon and 10-37 per cent hydrogen 
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he bromide derivative of the major fly stervl acetate did not crvstallize out 
of the bromination mixture as did cholesteryl acetate dibromide. It was extracted 
with ether from the reaction mixture after dilution with water and removal of the 


excess bromine by treating with sodium thiosulphite. The ether extract was dried 
over sodium sulphate and the ether evaporated at reduced pressure. The steryl 
acetate bromide was then crystallized from methanol and melted at 125—126°C 
Analysis of a 1-3 mg sample yielded 59-22 per cent carbon and 8-17 per cent 
hydrogen. ‘The similarity of these values to those calculated for a C,,H,,O steryl 
acetate dibromide (59-18 per cent carbon and 8-22 per cent hydrogen) indicate 
that bromination of the fly steryl acetate yields a dibromide. Insufficient material 
was available to obtain a duplicate elemental analysis on this derivative 

Perbenzoic acid titration gave further indication of a single point of unsatura- 
tion in the molecule. On standing at —5°C for 3 days in the presence of an excess 
of freshly prepared perbenzoic acid (VoGeEL, 1956) in chloroform, 2-00 mg of the 
major fly steryl acetate used up 0-587 mg of the perbenzoic acid. A 3-00 mg 
sample of the fly steryl acetate consumed 0-69 mg of perbenzoic acid under similar 
conditions. ‘This gave an average consumption of 0-837 mg of perbenzoic acid per 
mole of the major fly steryl acetate or one double bond per molecule. ‘Titration of 
the acetates of cholesterol and 7-dehydrocholesterol under the same conditions 
showed the presence of one and two double bonds r« spective ly 

\ single double bond is present in the major fly sterol based on the combined 
evidence from elemental analyses on the sterol and its esters, the formation of a 
dibromide and the results from titration with perbenzoic acid. This double bond 
resides in the polycyclic ring nucleus based on the positive reaction with the 
L—B reagent (IDLER and BAUMANN, 1953), and probably occupies the 5—6 position 
as shown by the rate of colour development with the L—B reagent (IDLER and 
BAUMANN, 1953) and the specinc rotation of the free sterol falling within the 

30 to — 70° range proposed by BERGMANN (1952) to result from unsaturation in 
this position. ‘The major fly sterol appears to be a C,,-H,.O sterol; however, a 
C,,H,,O or C,.H,.O structure cannot be ruled out in the absence of a duplicate 
analysis of the dibromide acetate 

Optical rotatory dispersion curves of cholesteryl acetate and major fly 
steryl acetate were very similar in shape (Fig. 2). A negative plain dispersion 
curve was obtained in both cases; however, the rotation intensity of the fly stery] 
icetate was uniformly less than that of cholesteryl acetate. ‘This differenc 
intensity of rotation was additional evidence that the two compounds wer 
Same 

Infra-red spectra of the major fly sterol and cholesterol and their deri 
were similar except for minor variations which were not readily interpreted 


relation to structural differences (Fig. 3). The fly sterol differed from cholesterol 


(Fig. 3b) in the presence of two additional weak peaks at 7-62 and 12-08 jy, and the 


absence of a medium intensity peak at 5-95 and a weak peak at 7-98 yw. The major 
fly steryl acetate was lacking a weak peak at 8-53 and a possible shoulder at 7-22 yu 


present in cholesteryl! acetate. ‘The 7-26 peak was of slightly greater intensity than 
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the 7-33 « peak in the fly steryl acetate while the reverse occurred with cholesteryl 
acetate (Fig. 3a). Major fly steryl acetate dibromide had an extra peak at 9-06 yu 
compared with cholesteryl acetate dibromide and a similar reversal in the peaks at 
7:26 and 7°33 « as noted with the steryl acetates Major fly steryl benzoate showed 

resence of additional peaks of medium intensity at 5-54 and 8-22 uw and a 


it 14-23 « compared to cholesteryl benzoate 
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X-ray powder patterns for the major fly steryl acetate and cholesteryl acetate 
showed much greater differences (‘Table 1) than did the infra-red spectra of these 
derivatives. The differences in the crystal structure as shown by these patterns 
were also evident in the case of the free sterols and benzoates of cholesterol and the 
fly sterol, although to a much lesser degree than with the acetates (for X-ray 
diffraction powder patterns and data on these patterns see AGARWAL, 1960). 

Nuclear magnetic resonance spectra were interpreted by Mr. L. F. JoHNsON 
of Varian Associates, Palo Alto, California, and Dr. W. S. JoHNsoN, Department 
of Chemistry, Stanford University, Stanford, California. Cholesteryl acetat« 
showed the signal from the C,, hydrogens at 41 and the C,, hydrogens at 62 c/s 
(Fig. 4b). These values are within 2 c/s of those given by SHOOLERY and ROGERS 


(1958) when corrected to this method of referencing. The two tall signals between 





41 and 62 c's are assigned to the isopropyl methyl hydrogens at C,, and C,,. ‘The 
proj 2 


spectrum of the major fly steryl acetate (Fig. 4a), obtained under identical conditions, 


also showed signals at precisely 41 and 62c's indicating no change in the 
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KBr 


The lack of 
two tall signals between these peaks indicates that no freely rotating isopropyl 1s 
present. This could result from the absence of the isopropyl group (th original 


interpretation indicated in AGARWAL and Casipa, 1960) or from C,, branching 


immediate environment of the angular methyl groups, Cy, and Cy. 


and hindered rotation of the isopropyl group as occurs with stigmasteryl acetate 


(SHOOLERY and Rocers, 1958). 
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It appears likely that the structure of the polycyclic nucleus of the major fly 
sterol is similar to that of cholesterol. Sterols identical to cholesterol in the carbon 
structure to C,, but with side chain extended unbranched to C,, to C,, have been 


aceratTe 
werTwre 


MAJOR FLY STERYL ACETATE 
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wETHre C-! 
Ai} 
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~26,C-27 
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CHOLESTERYL ACETATE 
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CYCLES PER SECOND 


CD¢ 


prepared by Devries and Backer (1950a, b) and BERGMANN ef al. (1959 
physical properties of these sterols differ from those of the major fly sterol 

the fly sterol side chain is therefore probably branched at some carbor 

C,.. Branching beyond this point in all the known natural sterols occurs or 

the C,, position. If the isopropyl group ts indeed missing, then the side 

the major fly sterol starting at C,, would appear to be either -CH(C,H;), or the 
. or 8 form of -CH(CH,)C,H;. The presence of the isopropyl group would 
restrict the possibilities for C,, substituents to methyl based on the elemental 
analyses. Melting points for the flv sterol derivatives differ greatly from thos 


campesterol and 22,23-dihydrobrassicasterol with the 24-« and 24-8 methyl groups 
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establish the structure of the 


1idies necessary to 


celite column in 
drocholesterol respectively 


ires with the major fly sterol and 


for further purification Both 


B reagent, vielding maximum colour 
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tra-violet absorption peaks occurred 


620 m absorption peah | 
and 293-5 n 


Rosenheim—Callow reagent with both fractions. ‘Thus 
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these peaks being more intense for sterol B. A 
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\’ ‘-sterol which elute in positions similar to A’-cholestenol 


1 
lary a 


vdrocholesterol respectively. However, sit major fly sterol is not 
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( hole ste rol 
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w the melting point of the major fly steryl acetate. However, this 


to be a slightly impure sample. On isotope dilution of pupal exuvial 


labe lled cholesterol acetate, the specinc activit went 


crystallization, win be different from 


he infra-red spectra and the X-ray powder diffraction patterns 
1960) were very similar to those of the major fly sterol. Further 
the nature of this sterol due to the lack of material 


icetatt 


not conducted o1 
all properties studied to the major fly sterol indicates 


However, its similarity in 
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Abstract 


+ 


INTRODUCTION 


genus Eleodes are often singled out as amongst the most 
f insects that poss ss chemical defence mechanisms. When disturbed, 
o an abrupt halt, and—in characteristic fashion—point their abdomen 


a highly irritating and strongly 


| 


discharg« odoriferous 


first of tw 


O papers on kleodes. we 


\ 


will be concerned only with the 


of the secretior [he second paper will deal with the oper 


I ration 
secretory, apparatus, as well as with the effect of the 


nents of the 
predators 


ies studied was Eleodes longicollis Lec., a black beetle about 


3cm 
ert habitat near Portal, 


\rizona.§ 


VIETHODS 
he basis of its odour, brown coloration, and ability to tan human skin, 


tion of Eleodes resembles closely that of other tenebrionid beetles, as well 


of certain millipedes, phalangids, earwigs, carabid beetles (Brachynus spp.), 
cockroach Diploptera punctata Eschscholtz. In those several cases where 
secretions have been identified, the active principles were found in each to 
-benzoquinone and/or derivatives thereof (for a review of quinone secretions 
1 E-1210 S. Public Health Ser 


Ice ind 


We would a ike 


of the American Museum 


related studi 
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of arthropods see PAVAN, 1959). It therefore appeared reasonably certain to us from 


the outset that the secretion of Eleodes was also quinonoid in nature, and this 


supposition guided us in the choice of the spectrophotometric and chromatographic 


techniques employed. 


Infra-red spectrophotometry. Infra-red spectra were taken in 0-5 mm liquid 
cells with KBr windows ona Perkin Elmer Model 137 Infracord Spectrophotometer, 


using carbon disulphide as solvent 


Chromatoplates lhe technique for preparation of the chromatoplates 
essentially that of RerrseMA (1954), using glass plates (18 x 11:5 cm) coated with 
a mixture of silicic acid* and starch.t ‘The freshly coated plates were dried at 
105°C for 30 min and then left in au 24 hr before using 

Development was effected by the solvent system (15 ethyl acetate, 85 


n-hexane) used by BARBIER (1959) for separation of naturally occurring quinon 


Chromatostrips. Sheets of paper (Whatman No. 1) were cut, as shown in Fig 
into parallel strips 1-5 cm wide, 1 cm apart, connected at their base, 5 cm fron 
solvent boundary. Portions of paper with four to five such strips were used 
each run. The paper was impregnated with formamide: acetone (50:50); 
mixture was blotted off, and acetone allowed to evaporate at room temperatu 
30 min. The samples (2-5 yl of the 2:4-DNP derivatives in ethanol) wer 

I 


at the base of each strip, and the spots deve loped by descendin nromatoegra 
with the solvent system (50 chloroform, 50 ben: } described 


SCHILDKNECHT and Werts (1960) 


Source of synthetic quinones. p-Benzoquinone and nethyl-1:4-quinon 
obtained from Eastman Organic Chemicals (Rochester, , and purih 
sublimation 2-Ethyl-1:4-quinon m.p 38—39 ( 
o-ethylphenol by adaptation of the technique of ER and Arpao (1956 
synthesis of 2:3-dimethyl-1 :4-quinon 


Preparation of 2:4-dinitrophenylhydrazones. ‘The 2:4-DNP derivatiy 
synthetic quinones and of the secretion were prepared by the usual procedure 
of dissolving in 95°, ethanol, and addition of 0-25 M 2:4-dinitrophenylhydrazin 
reagent in phosphoric acid 

In the case of the synthetic quinones, the precipitated derivatives were further 
purified by crystallization, or by chromatography over bentonite: kieselguht 
(E_vipGe and WHaALLey, 1955). The three 2:4-dinitrophenylhydrazones thus 


prepared had the following characteristics 


Mono-2 : 4-dinitrophenylhydrazone of p-benzoquinone, 
m.p. 188—189°C; **"°"" 398 my, « 22,100 
Inal. Caled. for C,,H,N,O,: C, 50-00; H, 2-80; N, 19-44 
Found: C, 50-06; H, 2-88; N, 19-17. 
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Mono-2:4-dinitrophenylhydrazone of 2-methyl-1:4-quinone, 
m.p. 72 173°C - i ™ 408 mu. « 23.400 


Inal. Caled. for C,,HN,O;: C, 51-66; H, 3-34; N, 18-54. 


Found: C, 51-43; H, 3-43; N, 18-82. 


Mono-2:4-dinitrophenylhydrazone of 2-ethyl-1:4-quinone, 
m.p. 160-5—-161°C; **"" 408 my, « 22,700. 
inal. Caled. for C,,H,.N,O,: C, 53-16; H, 3-82; N, 
Found: C, 52-86; H, 3-97; N, 17-66. 
Collecting of the secretion. ‘The secretion was obtained simply by causing 
individual beetles to discharge onto small squares of filter paper held close to 
their abdominal tip while the beetles were handled. The filter paper was transferred 


to the solvent (methylene chloride) with a minimum of delay. 


PROCEDURE AND RESULTS 


Qualitative 

The infra-red spectrum of the crude secretion (dissolved in carbon disulphide, 
after evaporation of the original methylene chloride solvent) suggested the presence 
of a mixture of quinones; on comparison with the absorption data reported by 
YATES et al. (1956), it was clear that the three quinones present were p-benzoquinone, 
2-methyl-1:4-quinone, and 2-ethyl-1:4-quinone. ‘This was further confirmed by 
comparison with the spectra reported by RoTH and Stay (1958) for the secretion 
of the cockroach Diploptera punctata, which contains the same quinones. 

The presence of the three quinones was also established by partitioning the 
secretion on chromatoplates, and comparing the three spots formed with those of a 
variety of synthetic quinones. ‘The three spots had migration characteristics 
identical with those of p-benzoquinone, 2-methyl-1:4-quinone, and 2-ethyl-1:4- 
quinone (Fig. 1). ‘The spots, which were a faint yellow by transmitted light, were 
rendered more clearly visible by spraying the plates with 0-1°%, 2:4-dinitrophenyl- 
hydrazine reagent. 

\ final confirmation of the composition of the quinone mixture was obtained 
by paper chromatography of the 2:4-dinitrophenylhydrazone derivatives. ‘The 
three spots formed by the 2:4-DNP derivative of the secretion migrated identically, 
and had the same colour characteristics in ammonia vapour, as did the derivatives 
of synthetic p-benzoquinone, 2-methyl-1:4-quinone, and 2-ethyl-1:4-quinone 
(Fig. 2) 

Ouantitative 

\n attempt was made to estimate from the infra-red spectra the proportion 
of the three quinones. ‘The range of percentages from four samples (crude, in 
carbon disulphide) was: 14-22 per cent p-benzoquinone, 39-41 per cent 
2-methyl-1:4-quinone, 39-46 per cent 2-ethyl-1:4-quinone. 

‘The infra-red spectrum of a secretion sample purified by sublimation was also 
taken, and this spectrum was compared with those of a series of mixtures containing 
the synthetic quinones in different proportions. In Fig. 3 are shown the spectra of 
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the secretion and that of the most closely corresponding mixture, which consisted 


of 10 per cent p-benzoquinone, 43 per cent 2-methyl-1:4-quinone, and 47 per cent 


2-ethyl-1:4-quinone 


As regards the actual proportions oft ¢ 


’ 


to be considered approximations at best, 
olatility, and hence are likely 
during the preparatory chemical 


ki ide nce for additional f ompone nt 
he infra-red spectrum of t 


band at 5-88 “um. Sugvesting the pr 


a ~ ; 


Chat this carbonyl component n 


tion band in the iltraviolet 





M.S. Cuapna, T. E1sner 


pursue an investigation of this compound (or compounds). One should not 
dismiss such additional components as unimportant, however, since it has been 
shown In certain other secretions (EISNER et a/., 1961) that they may substantially 


increase the re pe llent effectiveness of the mixturt 
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RESPIRATION OF PHORMIA REGINA IN RELATION 
rO TEMPERATURE AND OXYGEN 


MARGARET KEISTER 


Abstract — R« 


INTRODUCTION 
IN VARIOUS studies of in t iration in relatior 
gas transfer pathway, « . we have used the techni 


stress so as more clearly t e€ rate-limiting factors 


include metabolic stimulation by DDT (Buck and KeIsTer 


and occlusion of the respiratory apertures (Buck and 
Recently, ParK and Buck (1960) reported effects of lim: 
concentration on the respiration of Phormia pupae of vari 
report extends the study of oxygen limitation to lary 

stress effects of elevated temperature wert studied 
stages. ‘The effects of changing ambient oxvgen concentr 
respiration have, of course, beer investigated on 

tar as we know, on larvae, pupae, and adults of a si 


physical mechanism of respiratory gas transport 


MATERIALS AND METHODS 


Phormia regina larvae were raised in horse-meat cultures at approximately 


25 oe collected when they ceased feeding (5 davs from ergy lavu gy), and stored 


at 
6°C until used (up to 4 days). Pupae* were collected within minutes of pupariun 


formation and either used immediately (‘0 day’) or stored at 25 C for use at 2 and 
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5 days. Adults used in any given experiment all emerged within 2-4 hr and were 
kept in cages with sucrose and water for 1, 4, or 7 days. ‘To avoid possible sex 
differences in respiration or variations in weight due to egg development, only 


mzies were used. The mean weights of the insects used are given in Table 1. 


TABLE 1—MEAN WEIGHTS OF Phormia 


Larvae 
Intact 
De plate d 
Deganglionated 


Pupac 
0 day 


day 


cg 


day 


Adults 
, Intact 


headless 


intact 


Ve he adle SS 


, Intact 
, headless 


Respiratory rates were measured in 15 ml Warburg flasks containing 0-33 ml of 
10°, KOH in the insets. Usually thirty-two experimental flasks and four thermo- 
barometers were run simultaneously. In most cases, a single insect was placed in 
each flask, but where rates were too low to measure accurately in individuals, e.g. 
in 2 day old pupae and in all stages at very low temperatures, two to five animals 
were used in each flask. The number of flasks used in each category depended 
upon the amount of variability encountered. When the insects were inactive and 
rates low, as in headless flies at low temperatures, three or four flasks were sufficient, 
but with active forms at higher temperatures or oxygen tensions, from ten to fifty 
individuals were needed to obtain reliable means. The numbers used are given in 
figure legends and tables. ‘OQ,’ is expressed as microlitres per milligram live 
weight per hour. 

Respiratory rates of larvae and adults at various temperatures were measured 
for 2 or 3 hr, since there is usually an initial excitement which requires this long to 
subside. The rates for the last hour were usually used in comparing rates at different 
temperatures or different groups at the same temperature. In experiments 
involving reduced oxygen concentration, rates were first measured in air at 25° for 


3 hr and then the flasks were flushed for 5 or for 10 min with the experimental gas 
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mixture. Thus each individual could serve as its own air control. In addition, one 
group in each series was flushed with air as a control for effects of flushing and of 
time lapse. Since the lower oxygen concentrations might be significantly reduced 
by the oxygen uptake of the insects over a period of time, rates during the first 
hour after equilibration in the new gas were compared with rates during the last 


hour in air. 


Hatched portion 
represent normal apertural a dotted | s indicate where s rotized plate was broken 


b) Artificialls arged spiracl hed portion represent ilarged apertural are 


The larval tracheal svstem consists essentially of two main longitudinal trunks 
opening by a pair of anterior and a pair of posterior spiracles without any apparent 
regulatory device (Buck and Ketster, 1953a). ‘The pupal system has only a single 
pair of openings in direct contact with the environment, the pupal ‘horns’, which 
are connected by felt chambers with a pair of thoracic spiracles beneath the puparium 
(Ketster, 1953). No regulatory mechanism has been found in these pupal struc- 
tures. Adults have two pairs of thoracic spiracles and eight pairs of abdominal 
spiracles, all valvular. 

To test the effect of enlarging the spiracular aperture in larvae, the sclerotized 
diaphragm between the ‘slits’ of the posterior spiracles was removed, creating an 
opening of approximately 14,000 yu? (Fig. 1). ‘This “deplating’ operation, which was 
done the day before the animals were to be used, has no detectable influence on 
behaviour or survival of the larva, nor is there any change in respiratory rate in air 
Its quantitative effect on respiratory aperture is uncertain, because the slits show 
no visible opening in life even under 200 diameters magnification and viewed 
from various angles. In extirpated plates in glycerine, the slits, about 200 long, 
appear to open to an average width of 4. ‘This would make the maximum area 
of the three slits of one spiracle approximately 3 x 200 x 4= 2400 p*. It therefore 
seems safe to conclude that the deplating operation enlarges the respiratory 
aperture by a factor of at least six 
l'o evaluate the contribution of activity to total larval metabolism, ‘deganglion- 
veld 


ventral side up between the thumb and forefinger of the left hand so that the 


ated’ individuals were produced in the following manner the larva was h 
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ganglionic mass could be clearly seen through the cuticle at a magnification of 
«18. A ligature of size 6-0 braided surgical silk, tied with a double overhand knot, 
was adjusted at about the level of the junction of the fourth and fifth segments. A 


slight pressure on the posterior part of the larval body forced the ganglion forward. 


While one end of silk from the loop was held against the nail of the index finger 
with the middle finger of the left hand, the other end was pulled gradually and 
steadily with the right hand until the ligature was tight and the posterior part of 
the body was seen to relax. ‘The anterior end of the body, containing the ganglion, 
was then cut off and trimmed close to the ligature, and the ends of the ligature 
were snipped. The deganglionated seven-segment posterior fragment is motion- 
less except for the heart but remains alive for a day or two. Each larva was carefully 
examined under a dissecting microscope both before and after respirometry, to 
be sure that the tracheal system was completely air-filled. By displacing viscera 
with forceps tips, both main trunks were traced forward all the way to the ligature, 
and larvae with blood in any part of the tracheal system were discarded. 

Viable but nearly inactive flies, which might be considered ‘basal’, were 
produced by decapitation, a simple and practically bloodless operation. ‘The head- 
less flies live longer than corresponding intact flies kept without food and water. 

In designing these experiments, great care was taken to control variants other 
than the factor being tested. Wherever possible, a Latin square, or modification 
thereof, was used to preclude possible bias due to such factors as the length of 
larval storage time, order of flask loading, relative position of manometers in 
temperature baths, and interbatch variability. Wherever statistical significance 
of difference is indicated, it is based on Student’s t-test, with P equal to or less than 
U-U5. 

Response of adult spiracles to lowered O, concentrations was observed with a 
dissecting microscope in flies glued on their sides to small cards. The plushy 
covering of the prothoracic spiracle was removed to expose the underlying valve. 
Flies were exposed to a stream of gas in small chambers described by Buck and 
KEISTER (1955). 


RESULTS 

Effects of temperature on larval respiratory rates 

Respiratory rates of intact and deganglionated larvae were measured for 3 hr at 
5° intervals from 0 to 45° and at 47 and 48°. The results are shown in Figs. 
\t temperatures from 0 to 15°, respiration of normal larvae is constant for ‘ 
more hours; above 15°, there is evidence of initial excitement which subsides 
within the first 1 or 2 hr (Fig. 2). Third-hour rates are shown in Fig. 3. As one 
would expect, respiratory rate in general increases with increase in temperature. 
However, in normal larvae, there is a consistent and statistically significant 
departure from the expected smooth curve; there is no increase in rate between 
10 and 15°. When first observed, this apparent plateau was attributed to artifact 
or larval variability. However, it persisted through three experiments involving 
sixty-three larvae, so chance variation and artifact are apparently ruled out. The 
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first measurements at 10° were done with three larvae in each flask, while those at 
15° were done on single larvae. It then occurred to us that perhaps the three larvae 
stimulated each other to greater activity, resulting in an oxygen uptake too high in 





Fic. 2. O uptake of full 


Each point represents the me 


ie 
the absolute values in Figs 


relation to the rate at 15 lherefore, we did four more experiments, using one, 
three, and five larvae per flask, covering the temperature range from 5 20 
and the plateau between 10 and 15° occurred in all runs, regardless of number of 
larvae used. As a further check, we also measured O, uptake at 12-5”: the rates fell 
almost exactly on the previously obtained line between 10 and 15 

Maximum Q,, is reached during the first hour at 45 At 47 and 48° even 


initial rates are lower than at 45°, which is evidence of injury. Larvae withstand at 





56 VIARGARET KEISTER AND J. Buck 


least 5 hr at 45° and about 50 per cent of them subsequently become adults. None 
survives long after 8 hr at 45° nor 3 hr at 47°. Larvae pupate and produce adults 
after 15 min at 48°, but not after 30 min. At 49°, most larvae survive 5 min 


broken line) larvae during the third 


thirt irvae per group 


exposure and can complete development subsequently. A few can still pupate 
after 10 min exposure, but no flies emerge. A few survive 5 min at 50° and pupate, 
but none pupates after 10 min exposure. 

Che lower curve in Fig. 3 shows the response of deganglionated larvae to 
temperature. Although the absolute respiratory rates are lower than those of 
controls, the curves are nearly parallel between 15° and about 35°, indicating that 
all of the increase in rate in this temperature range is in basal metabolism, while the 


contribution of activity, if activity makes the only other contribution to oxygen 


uptake, is constant. Put in another way, the non-basal respiration seems to be 


temperature insensitive 1n this intermediate rang 
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Since the respiratory rates of normal larvae at the upper end of the temperature 
range are initially higher even than those we had previously measured in DDT- 
poisoned larvae (Buck et al., 1952), and since they fall rapidly over a 3 hr period, 


there was a possibility that these larvae might be hypoxic and might attain even 
higher rates if given access to more oxygen. Fig. 4 shows the oxygen uptakes at 
40 and 45° in air and pure oxygen. At 40°, there is no significant difference 
between rates in air and in oxygen. At 45°, the rate in oxygen is significantly 
higher than that in air during the first, second, and fourth hours, indicating that a 
45° larvae in air indeed become hypoxic. This being the case, these larvae should 
be good test objects for the effect of spiracular enlargement. ‘Therefore, respiration 


of deplated and normal larvae was measured at 45 air and in pure oxyg« 


this series, air and O, rates were significantly different during the fifth hour 


as Fig. 5 shows, there was no significant difference between deplated and nor 


larvae, i.e. increasing the area of the spiracular aperture does not enable t 


to take up more oxygen 
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We observed incidentally that at the end of 5 hr runs in air and oxygen at 45 
the larvae, both normal and deplated, which had been in oxygen were in worse 
condition that those which had been in air. None completed development after 


a 


LL 


SS 


UO, uptake 


this treatment, and those that attempted to pupate were late in doing so. It is not 
clear whether this effect should be described by saying that pure oxygen has a 
more harmful effect on larvae at high temperatures or by saying that high tempera- 
tures are more injurious in the presence of pure oxygen than of air 
Effects of temperature on pupal respiratory rate 

Study of respiration in blowfly pupae, as in many other holometabolous 
insects, is complicated by the fact that normal respiration follows a U-shaped 
curve, and hence, except for the relatively brief period at the bottom of the U, 
oxygen consumption is either decreasing or increasing quite rapidly. Furthermore, 


since drastic changes are occurring in both morphology and physiology, one 
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might expect pupae of different ages to react quite differently to stress. Thus it is 
important that pupae being compared should be of the same age. and that self- 
comparisons be made within a short span of time with allowance for the concurrent 


normal changes in respiratory rate. For this study pupae of three ages were used: 


(1) ‘O day’, within.a few hours of 


uparium formation, wl 


I 
d 


high but falling rapidly; (2) ‘2 day’, at the lowest point 
and (3) ‘5 day’, when respiration is in quite high and 
Fig. +; Park and Buck, 1960, Fig 


The results aré presented in | 


- ¢ & mperature curve ts roughly S-shape d, altho 
than the 0 and 5 day curv e results are expressed as per cer 
value at the corresponding age they are practically i itical, indicatir 


respiration is affected by 
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Effects of temperature on respiration of adult flies 
For a day or more following eclosion, Phormia adults do not feed or drink and 


are quite inactive unless disturbed. ‘Their respiratory rates are usually quite 


regular over several hours. After several days, the flies not only are more active 


but also may show periods of high O, uptake, sometimes apparently unrelated to 
overt activity. For these reasons we investigated the effects of temperature on 
flies which were 1, 4, and 7 days old. The great variability in respiratory rates of 
4 and 7 day old flies makes it difficult to evaluate experimental treatments, so we 
also investigated beheaded flies concurrently. The latter appear to have most of 
the normal fly’s reflexes, but sit quietly unless stimulated, and their respiratory 
rates are constant for long periods 

First-hour rates of 1 day old intact and headless flies are shown in Fig. 7 (with 


second-hour rates at 45° indicated), and second-hour rates of all three ages are 
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presented in ‘Table 2. In general, respiration of adult flies follows the same trend 


with respect to temperature as in larvae and pupae. The O, uptake rates of beheaded 


flies are significantly lower than those of intact flies, but are affected in much the 


same way by temperature. However, intact 4 and 7 day old flies have extremely 


‘TABLE 2—RESPIRATION (yl hr) OF ADULTS DURING {D HOUR IN AIR AT 
TEMPERATURES 


Beneath each value the number of flies per flask and 
the form ‘3 x 4 three flies per 


variable rates because of their greater and spasmodic activity. It is of interest that 
the greatest irregularity occurs between 15 and 35 It appears that in this range 
the flies can vary the degree of activity, while below 15 and above 35° their activity 
is closely determined by the temperature 

) 


5 indics 


Oxygen uptake rates of 1, 4, and 7 day old beheaded flies at 
resting respiration does not change markedly with age 
Effect of oxygen tension on larval respiration 

Fig. 8 shows rates for the third hour in air, after initial excitement has subsided, 
compared with rates for the same larvae in the first hour after equilibration in a 
new gas mixture At 25°C. the respiration of fully grown Phormia larvae 1s 
independent of ambient oxygen concentration between 100 and 15 (lo conserve 
space, rates In pure oxygen are not shown on the graph.) Below 15 respiratory 
rate drops off more and more steeply with decreasing oxygen concentration, being 
about half normal in 2 oxygen, 36 per cent in 1°,,, and 15 per cent in 0-25 
Enlarging the spiracular apertures had no effect at any oxygen concentration tested 

An unexpected and unexplained result of testing deganglionated larvae in 
different O, concentrations was that flushing in itself depresses respiration 


significantly (forty-eight larvae in four experiments). Thus, rates after air-flushing 
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were down 12 per cent, indicating that the similar depression in 13-5°, O,* is not 
significant of hypoxia. Fig. 8 shows, accordingly, that respiration of deganglionated 
larvae is not O,-sensitive above 10°, whereas that of intact larvae is limited between 


15 and 10 


entrot 


Effect of ambient O, concentration on the ( do uptake of fully grown larvae, intact, 
ind deganglionated, at 25°C. Twenty-eight to thirty larvae per group. The point 
for deganglionated larvae is the air-flush rate expressed as per cent of the pre-flush 


Effect of oxygen tension on adult respiration 

4 and 7 day old flies are capable of very high respiratory rates, which, though 
tending to decrease with time, may be extremely variable even after the flies have 
been in the flasks 3 hr. For this reason, we used as controls the respiratory rates of 
flies in flasks that were flushed with air at the same time that the experimental 
flasks were flushed with other concentrations of oxygen, in preference to third- 


hour rates of the same individuals in air previous to exposure to the experimental 
mixture. Rates for the first 3 hr in air and for the first hour following flushing 
with air and with 10%, oxygen are shown in Fig. 9. In 1 day old flies, the 


respiratory rate does not change after flushing with either air or 10°, O,. 

In 4 and 7 day old flies, rates following flushing with air and with 10°, oxygen 
do not differ significantly, but both are significantly lower than the pre-flush third- 
hour rates in air, indicating that in the older flies respiration is still falling. 


* The gas 1 1 as ‘15°,’ in this series of experiments was found to contain only 13-5°%, oxygen 
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The effect of ambient oxygen concentration on respiratory rates of 1 day old 
flies, taking concurrent air flush rates as 100 per cent, is shown in Fig. 10. 


It is 
obvious that there is no significant limitation down to 5°, oxygen, and that response 


to lowered oxygen concentration is the same in intact and headless flies. 


9. O, uptake of adults (intact, 1 and 7 day old) for 3 hr in air compared with rates for 


the first hour after flushing with air and wit O,. I 


ght flies per group 


Absolute rates for intact and headless 1, 4, and 7 day old flies are given in Table 
3. The great increase in oxygen uptake possible with activity is w ell illustrated in the 
data for 5°, oxygen and higher concentrations. The rates for headless flies indicate 
that resting or ‘basal’ metabolism does not change significantly with age within 
the range studied. The picture for intact flies is not so clear. 1 day old flies 
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have slightly but not significantly higher rates than headless flies, and show no 
decrease down to 5°, oxygen. From the table it would appear that respiration of 
4 day old intact flies drops sharply between 10 and 5°, oxygen. Actually, because 





10 () uptake ( | old adul intact and headle expressed as per cent of the rate 


r flushing with air 


ABLE 3—RESPIRATION (1/mg/hr) OF ADULTS IN VARIOUS OXYGEN CONCENTRATIONS AT 25 °( 


} 


Eight flies in each group except when number given in parentheses after rate 
I I I 


\ir—mean 
of all flush 
control 


1-95 (48 
1-58 (48 


97 | 5-12 (48 


1-48 1-44 (48) 


3-04 (42 
1-66 (44 


of the great variability among the 10°, values (standard error = 1-66 for a mean 
of 3-97), the decrease is not statistically significant. The resting rates of all ages 


studied can be maintained in 5 oxygen, although the bursts of very high 





RESPIRATION OF PHORM 
respiration of the older intact flies are inhibited. In 


2 oxygen the rates are 
significantly lower than in 5 


at all ages. 





In 


a further series, the effect of oxygen concentrations or 
flies at different temperatures was studied. ‘The 


results are shown 
15°, the break point is close to 2 at 25°, below 5°,,: at 30°, between 


and at 35 and 40°, between 15 and 10 


‘| hus, as one would ¢ xpect, the hi 
the temperature the narrower 


range of oxygen concentrations which 
support normal respiratory rates 


The fact that respiratory rates of adults are independent o 


oxvgen concentrations than those of 


either larvae or pupa 
the ability of adults to open their valvular spiracles to 
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is supported by observations of the prothoracic spiracles of intact and headless 
flies in a series of oxygen concentrations from 21 to 1°,. Details will be given 
elsewhere, but in general the prothoracic spiracles of intact adults are variably 
active in 10°, O,, and snap open maximally and remain open in concentrations of 
5°,, or lower. ‘Those of headless flies first open in 2°,, O,, but less promptly, less 
completely, and less permanently than those of intact flies. All spiracles close 


again immediately when returned to air. 


DISCUSSION 


['emperature and oxygen effects will be discussed separately, then biophysical 


implications. 


Effects of temperature 


Effects of temperature on metabolism have been studied in a wide variety of 
organisms. Interpretations of the results vary greatly. KroGu (1914a) published 
what has been called a typical temperature—-metabolism curve, for pupae of 
Tenebrio, and pointed out that it is not a straight line but a sigmoid curve like that 
seen in several vertebrates. Similar results have been obtained for Culex (ELLINGER, 
1915), Pertplaneta (DirKEN, 1922), Calliphora pupae (FRAENKEL and HeERForRD, 
1940), Dixtppus (v. BuppDENBROCK and v. Rour, 1923), Musca domestica and 
Velanotus (EDWARDs, 1946), and Calandria and Rhizopertha (Bircn, 1947) 

Almost at the other extreme, HELLER (1930) interpreted his own results and 
those of v. BUDDENBROCK and v. ROHR as two, or sometimes three, intersecting 
straight lines. KroGu (1914b) maintained that it is ‘obviously absurd’ to try to 
apply the equations of Arrhenius or Van’t Hoff to these curves, but several authors 
have tried, although they have not made clear the significance of a fit, if obtained 


RicHARDS (1957) points out that there is no sound basis for thinking that an 


algebraic expression satisfying a rate-temperature curve gives a portrayal of 


relevant phenomena, rather than a merely fortuitous correspondence. Various 
authors have tried also to express the temperature-QO,, relationship as one of a 
number of constants, none of which seems to clarify the biological or physiological 
relationships involved. PUTTER (1914) calculated Q,,’s for a variety of biological 
processes over quite a range of temperatures. He pointed out the uselessness of 
‘average’ QO,,'s over such a range and the futility of trying to identify single 


processes occurring in living organisms by O,, values which may be the resultant 


10 
of opposing processes 

Ihe necessity for distinguishing between the effects of temperature on ‘basal’ 
metabolism and on activity has been recognized by several authors. KroGuH (1914a) 
pointed out the dual effects of temperature on tissue metabolism and on the nervous 
system, and attempted to eliminate the latter by using anaesthetized animals 
VON BuDDENBROCK and v. Rone (1923) chose Dixippus for their studies because 
it is normally very inactive except at high temperatures. FRAENKEL and HERFORD 
(1940) tied off the ganglionic mass of ¢ alliphora larvae to eliminate movement 


GALUN (1960) reported that headless mosquitoes had higher respiratory rates 
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than intact ones, and that this difference was accentuated at low temperatures 
(12°). On the other hand, the respiration of adult Musca domestica was much 
reduced by decapitation. There has been little progress, however, in defining 
basal and activity respiration in terms of specific tissue activities, and our results 
contribute little in this direction except for the curious indication that ‘non-basal’ 
metabolism in larvae may be temperature insensitive in the 15-35° range (Fig. 3) 

FRAENKEL and Herrorp (1940) tested abnormally high temperatures on larva 
of Calliphora. ‘They found, as we did in Phormia larvae, that initial rates are high, 
presumably due to excitability of the larvae in the respirometer flasks, and that 
they drop off steeply during the first couple of hours. They also found, as we have, 
that high temperatures are more detrimental if ambient oxygen concentration is 
high. Phorma larvae apparently differ from FRAENKEL and Herrorp’s Calliphe 
larvae in having much higher absolute respiratory rates at temperatures arou 
40-45", and in being able to withstand higher temperatures and longer exposures 
to high temperatures In deganglionated Calliphora larvae, respiratory rates declined 
fairly steeply with time, whereas in deganglionated Phormia larvae, they ren 
practically constant for 3 or more hours. Clearly, the term ‘lethal temperatur: 
meaningless unless time of exposure is also specified 

Lhe peculiar and as yet unexplained plateau in the larval temperature 
curve between 10 and 15° bears a suggestive resemblance to mber of situ 
reported by other authors. VERNBERG and Meriney (1957) stated that 
temperatures appear to be more ‘critical’ for the organism, and that thes 
temperatures vary from strain to strain. In Drosophila pupae, 
apparently two plateaux, one between 18 and 22’, and the other between 2 
[he authors pointed out that these are on either side of tl earing temperature 
(25°) and suggest that acclimatization may be involved (1925) calculated 
critical thermal increments for respiration of Drosophila pupae and found a ‘break’ 
at approximately 15°, which he says is quite similar to those found by Crozier 
and others in various plants and animals. VON BuUDDENBROCK and v. Ronre (192 
stated that in general respiration increases with rising temperature, but t 
sore cold blooded animals the re spiration fails to rise with rising t mpe ratul 
some part of the range. In their work with Dixippus, they found that the ten 
ture x Q,. curve changes between 8 and 15° from the ‘usual inflexion’ 
temperatures to a straight line. SLowtzorr (1909) found no respiratory 
between 12 and 24° in a dung beetle and none between 20 and 34 in an ant 
ArGo (1939) found a change in slope at 12:5” in the a or Pollenia rudts 
WoopwortTH (1936) described a ‘zone of comfort’ between 20 an in be 
which metabolism is lower than at temperatures on either si if this 
All the foregoing examples involve temperatures either consider 
or immediately above and below rearing temperatures. Epwa 


(1952) found the respiratory rate of the coffee borer higher 


at 35°, a temperature at which the beetles fail to reproduce 


We think that the plateau betwee! 10 and 15 i! 


curve in Phormia larvae is not con par ib] 
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respiratory rate does not rise again at temperatures below this range and since the 
below the usual rearing temperature (25°). Neither 
relating it to any adaptation temperature 


plateau occurs considerably 


reason for 


An abrupt change 
ilso occur in pupal respiration, though less obviously than in intact larvae. 
6 shows that the curves for 2 and 5 day old pupae could be interpreted as two 

ting straight lines Adult respiration, however, 


shows no 
re bre ak 


obv 1Ous 


rh there are great intitative differences in respiratory rate between 
stages, reaction to temperature seems quite similar in larva, pupa, and 
iratory 


is readily seer rates art plott d as percent of the rate at 
stage. Below 2 irves vary little (with the exception of the 
iu in intact lar ) ‘ys the cur\ 


es for larvae and pupae are 


but the percentage in adults is greate! 


his is probably 


greater range of activity possible in adult flies Pupac 
_and larvae are capabl only of ' 


nobile 


are, of 
varying the rate of their peristaltic 


ij ambue nt Ox VVe n concentration 


It is frequently stated that insects are amo 
, 


f respiratory independ of 


Icnce 


ng the organisms showing a high 


ambi nt oxvgen 
rature 1 


concentration, but the 
ndicates not only a wid 


wide range of degree of dependence, 
rences between closel related 


it is obvious that the 
1 ‘ 
critical vgen concentration for hypoxia must ae pend heavily on ambient 
temperature 


but also great 


species furthermore, 


vae. 
neat 


Fox et al. (1937) found a complete spectrum from 
total independ nce to nearly total de pe ndence 


GAARDER (1918), and the 


Among terrestrial insects, 
Tenebrio pupae, according to coftee borer (EDWARDS and 
GOnSALEZ, 1952), have a constant oxygen uptake rate between 5 and 97 
Phormaia \ar\ 


oxyvgel! 
rvae show a signi! 


and a related species, ( ‘'alliphora 


S reported by FRAENKEL and Herrorp (1938) to 
rate down to about 7-5 


icant decrease at 10 
ervthrocephala (immobilized), 


oxygen. Park and Buck (1960) report 
ition of Phormia pupae becomes oxygen-limited between 15 and 10 
hat susceptibility to lowered oxyget 
rk shows that in adult Phormia respiratory rate is unaffected down to 
ntration between 5 and 2 at 25 GALUN (1960) found that headless 
\itoes reacted in the same way to reduction in p,,, and that their 
constant down to 3—4 


(1934) I hla the 


tension varies somewhat with ag Lhe 


nosa 
mosq 


respiration of grasshopper eggs 1s stimulated 
that long exposure to thes« high concentrations 1s 
uuld perhaps be interpreted alternatively 


as evide nee 
In most insects, hows 


ver, there is no indication 
xvgen concentrations between 20 and 100 at 
there any suggestion that hypoxia could exist in the 
Is environment, except in the single instance of the brief drop at th 
in Phormia (KEeIsTeR, 1953) 


] ] 
al larval molt 





' 
consid } whol rang¢ 


In summary, if one 


L100 to 0, Phormia may be s: ye Inde pend 
the range from 21 
strongly oxygen-dependent, 
[he response of degang 
in view of their lower call f 
why this one class of larva 


lower absolute rates of these 


loss of the nterior spiracles, 


KEISTER, 1953a; Buck et a 
to pass the oxygen required 
anterior to the ganglionic n 
In 1923, v. Bupbi 
combined effects of t 
Dixippus. They found 


, 
idult Phormia. because 


xposed the same fo 


(,as transfer 
In discussit 
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[he answer may lie in an unexpected diffusion relation that was found originally 
in the stomata of the green leaf by BRowN and Escomse (1900). Without going 
into the theory of this effect or its experimental validation it may be said that for 
apertures in the millimetre to micron range of diameter, gas transfer rate turns out 

be roughly proportional to linear dimensions rather than to area. In another 
communication we plan to give a detailed theoretical and empirical report of the 
application of this ‘perimeter law’ or ‘pore diffusion’ to the insect spiracle.* For 
present purposes it will be sufficient to point out that (1) ventilation apparently is 
not important in the respiration of the Phormia larva; 1.e. we are dealing with 
diffusive gas transfer (BucK and Keister, 1952); (2) the perimeter of the opening 
made into the spiracular chamber by the ‘deplating’ operation (Fig. 1) is about 
2400 «; (3) the sum of the perimeters of the openings of the three normal slits 
probably does not exceed 2400 yu (see Methods section). If pore diffusion were 
operating, in other words, it would be understandable that enlarging the spiracular 


apertures was ineffective 


SUMMARY 


(1) In general, the respiration of all stages of Phormia regina follows an S-shaped 
course with changing temperature. If respiratory rate at different temperatures 
is plotted as percent of the rate at 25°C, the curves for larvae and pupae are very 
similar. ‘The adult respiration follows the same sort of curve up to 25°, but above 
that respiration shows a proportionately greater increase. 

(2) The only consistent departure from the more or less smooth S-shaped curve 
s an unexplained plateau between 10 and 15° in normal larvae. 

(3) Comparison of deganglionated and normal larvae indicates that the absolute 
contribution of activity to total metabolism is constant from 15 to about 35°. On 
the other hand, comparison of beheaded and intact flies indicates that the contribu- 
tion of activity to the total metabolism of adults, although extremely variable, is 
proportionately greater with increasing temperature 


(4) ‘The respiration of larvae, like that of pupae (PARK and Buck, 1960), is 


( 
limited by ambient oxygen concentrations between 15 and 10 (at 25°). ‘The 


resting respiration of adults is unaffected at least down to 5 oxygen at 25 
However, 5 oxygen does eliminate the bursts of very high respiration in 4 and 
7 day old flies 

(5) Dependence upon oxygen in adult beheaded flies varies with temperature 
he range of oxygen concentrations over which the respiratory rate can be main- 
tained constant becomes narrower as the temperature rises 

(6) The proportionately greater respiratory response of adults to temperatur: 
and their independence over a wider range of oxygen tensions may be due to thei 


regulable spiracles. ‘The failure of larvae to increase their respiration, at higher 


the time our 
wware that the 


the idea in 
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temperatures or lower oxygen tensions, when their spiracular apertural area is 


artificially increased, indicates that the area of their spiracular openings is not 
limiting. The ‘perimeter effect’ is suggested as a possible explanation 

(7) Studies with decapitated flies show that the ‘standard’ or resting metabolisn 
does not change noticeably with increasing age (up to 7 days), although the activity 


metabolism of intact flies increases tremendously by 4 davs 
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Abstract 


INTRODUCTION 


which will the eftects 
secreted by living corpus allatum wer WILLIAMS 
from the abdomen of adult male cecropia n issible the d 


nt of methods of assay which led 
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Tenebrio test (W IGGLESWORTH, 1958): ut it Was also shown that } irines 
etfects of ne in Rhodnius (W1IGGLESWOR 


further details of the 
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co ild re produce the 
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noOlogiKk 


VMIETHODS 
Injections of active extracts of juvenile hormone have given variable and often 
results (WIGGLESWORTH, 1958: GILBERT and SCHNEIDERMAN, 1960 t 


negative 
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would seem that the injected hormone is presented in a form which in some insects 
is not readily mobilized in the body or which is rapidly eliminated by metabolism 
The same difficulty has been encountered with farnesol. ‘This material was 
therefore applied in the first instance to the surface of the cuticle, with or without 
abrasion of the epicuticle. For most of the experiments a purified sample of farnesol 
kindly supplied by Dr. P. ScHMIALEK has been employed; in some tests an untreated 
commercial sample (L. Light & Co. Ltd.) has been used. 


EFFECTS OF FARNESOL ON THE FIFTH-STAGE LARVA OF RHODNIUS 


Pure farnesol was spread with the rounded head of an entomological pin over 
the tergites of the abdomen of untreated fifth-stage larvae of Rhodnius at 1 day 
after feeding. This produced a widespread effect; the whole surface of the body, 
including the wings, legs, thorax, abdomen, and genitalia, were of larval type, as 
in a typical ‘sixth-stage larva’, though with the wing lobes sometimes of a slightly 
crumpled and ‘adultoid’ character. When these larvae were fed again they failed 
to moult. Several of those which showed no signs of moulting by 3 weeks afte 
feeding were dissected and examined for the presence of the prothoracic gland. A 
small number of the gland cells were still present and appeared to be active, with 
large lobulated nuclei; but they were evidently insufficient to induce moulting 

It is clear from these experiments that farnesol penetrates the undamaged 
cuticle more readily than the diluted oily extract from cecropia. But the spreading 


of the effect far beyond the site of application seems to result more from the 


creeping of traces of the liquid over the cuticle than from transport within the body 
For if 25 per cent of farnesol in ester wax (Steedman), or a mixture of equal parts 
polyethylene glycol ether, ester wax, and farnesol are applied, the amount of 
external spreading is reduced and a sharply defined zone of larval cuticle is 
developed 

Further dilution of farnesol, one part in forty parts of ester wax, still gave a 
localized effect on the uninjured cuticle; but this was often confined to tiny islands 
around the plaques, indicating that the sockets of the cuticular hairs form the 
easiest path of entry 

In other experiments the cuticle of the fourth abdominal tergite was subjected 
to a ‘micro-abrasion’ by painting with a suspension of crystalline alumina (synthetic 
sapphire dust) in distilled water and allowing this to dry on the surface before the 
farnesol was applied (WIGGLESWorRTH, 1958). ‘This resulted in greater penetration ; 
the material evidently reached the prothoracic glands in sufficient quantity to 
ensure their survival into the next instar, for when fed again (without furthe1 


treatment) the resulting insects moulted into adults but died during ecdysis 


FARNESOL AND REVERSAL OF METAMORPHOSIS IN ADULT RHODNIUS 


Rhodnius adults about 1 month old were decapitated at 1 day after feeding and 
joined in parabiosis to fifth-stage larvae decapitated at 8 days after feeding 


Farnesol was then smeared over the surface of the abdomen of the adult 
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‘Those adults which were induced to moult showed the same degree of ‘reversal 
of metamorphosis’ as was obtained by the implantation of corpora allata (WIGGLEs- 
WoRTH, 1940) or the application of active extracts of juvenile hormone from 
cecropia (WIGGLESWORTH, 1958). That is to say, they developed extensive 
of cuticle with the stellate surface pattern characteristic of the Rhodnius 
with the bristles modified slightly in the direction of the larval form, and with 
areas around the bristles reminiscent of the smooth plaques of the larva 
epidermal cells also showed an increased density in comparison with thos 


which had been induced to moult in the absence of juvenile hormone 


EFFECTS OF FARNESOL ON THE DEPOSITION OF YOLK 


When the secretion from the corpus allatum of Rhodnius was first show: 
necessary for yolk formation (WIGGLESWORTH, 1936) it was assumed that th« 


in the adult was producing a ‘yolk-forming hormone’ distinct from the hor 


(later named the ‘juvenile hormone’) which prevents metamorphosis. But 
it was found that the corpus allatum of the fourth-stage larva of Rhodnius 
equally good source of the yolk-forming hormone, both in transplantatior 
parabiosis experiments, whereas the corpus allatum of the fifth-stage lar 
ineffective (WIGGLESWORTH, 1948), it was concluded that only a single hor 
the ‘juvenile hormone’, was concerned—as PFEIFFER (1945) had suggested might b« 
the case. More recent experiments on Aalotermes by LUscCHER and SPRINGHETTI 
(1960) and on Leucophaea by SAGESSER (1960) have led to a revival of the ear! 
belief that two distinct hormones are concerned 

It was of interest to see whether farnesol would induce yolk formation 1 


} 


females deprived of the corpus allatum. Females were allowed to take a full 1 


st} 


blood within 3 days after moulting. 24 hr later they were decapitated w 


of the corpus allatum and the abdomen smeared all over with pure farnesol 


treated insects rapidly digested their blood meal; when dissected at 2 


feeding there was little or no undige sted blood in the stomach, t 


rt. 


inconspicuous, and the ovaries contained twenty to thirty ri 
decapitated controls had a large amount of the blood n 

fat body was loaded with reserves and very conspicuous, ther 
three ripe eggs in the ovaries and often none at all 

These results support the belief that the yolk-forming 


hormone are likely to prove identical 


PROGRESSIVE DIFFERENTIATION DURING THE LARVAI 


lhroughout the larval stages in Rhodmius there is a progressiv 
f the wing lobes and genitalia. It was shown in rly paper (Wic 
1936) that if the fourth-st iv larva was d ipitat d and indu 
joining in parabiosis with a moulting third-stage larva wi! 
allatum, it developed characters which showed little ditterer 


of the normal fifth instar 
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iS othe rwist 





moulting larvae Chev therefore 


tiation was controlled by the m« 


although, of course, an active c 


metamorphosis to the adult 
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THE INJURY METABOLISM OF THE CECROPIA 
SILKWORM— 1 


BIOLOGICAL AMPLIFICATION OF THE EFFEC 
LOCALIZED INJURY* 


PS O1 


WILLIAM R. HARVEY? and CARROLL M. WILLIAMS 


38, Nassacl 


Abstract 


INTRODUCTION 


\ DIAPAUSING pupa is an insect in a steady and virtually unchanging stat 
to traverse 


neither feeds nor excretes. Its primary responsibility is to survive 


months of autumn and winter and to deliver the species, intact and viable 
Then, with the termination of diapause, the pupa n 


to 


next breeding season 
provide all the materials required for the construction of the final adult organist 


In the Cecropia silkworm the pupal diapause ordinarily begins in August 
and ends in March or April of the next year—a total of about 8 months. So, 


throughout this long period, the pupa must not only maintain the viability of its 


vestigation was supported, in part, |t its fromm the National Ir 
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tissues, but, in the interest of the future moth, it must economize on the bio- 
chemical costs of doing so. What, then, are the minimal costs of maintaining a 
pupa in a steady stat 

According to SCHNEIDERMAN and WILLIAMS (1953), a 5g diapausing pupa of 


the Cecropia silkworm, at 25°C, consumes about 75 pl (3 x 10-* M) of oxygen 


per hour—one of the lowest metabolic rates recorded for any aerobic animal. 


[his rate of oxygen consumption would serve to oxidize 5 x 10-7 M of glucose and 
generate 19x 10-° M of ATP each hour. And, since the pupa contains about 
4-6 x 108 cells (BLAIR Bowers, unpublished observations), we calculate that, during 
each second at 25°C, each cell, on the average, oxidizes the equivalent of 200,000 
molecules of glucose and utilizes the equivalent of 7,000,000 molecules of ATP 
his calculation emphasizes the substantial cost of maintaining a steady state even 
in a diapausing cell. 

Chere is one sure way of further curtailing the cost of maintenance: namely, by 
lowering the environmental temperature. According to the unpublished studies of 
Dr. Joun W. KANwWISHER, the rate of oxygen consumption of diapausing Cecropia 
pupae shows a Q,, of 4 throughout the temperature range of —15 to +20°C 
his high temperature coefficient is characteristic of chemical rather than of physical 
reactions. It implies that the cost of maintenance at a given temperature is dictated 
by steady-state kinetics in which chemical reactions predominate. 

\s mentioned above, the cost of maintaining a cell of a diapausing pupa at 
25°C is about 7 million energy-rich phosphate bonds per second. We have 
emphasized that this is an extremely economical rate of maintenance—so low, in 


] 


fact, that a diapausing Cecropia pupa can be stored at 25°C for 1-14 years while 
conserving enough materials to form an apparently normal moth. How is a 
diapausing cell able to pay such a low price for maintaining itself ? 

he question is partially answered in the finding that the diapausing cell 
economizes on its concentration of enzymes and structural components. Thus in 
the unpublished electron micrographs prepared by Dr. JupitH WILLIs, what one 
ordinarily sees is a scant representation of mitochondria, endoplasmic reticulum, and 
other intracellular structures whose integrity must be maintained. The economy 
of organization is further documented in the biochemical evidence that the 
intracellular concentrations of many enzymes are greatly reduced at the outset 
of diapause (SHAPPIRIO and WILLIAMs, 1957a, b; SHApPriRIO, 1960; Laurer, 1960) 

In addition to these quantitative simplifications of the diapausing cell, there is 
indirect evidence that the ‘half life’ of proteins and other macromolecules is 
somehow prolonged. ‘Thus, according to ‘TELFER and WILLIAMS (1955, 1960), 
the steady-state synthesis of the blood proteins of a diapausing pupa proceeds at a 
rate only one-fourth of that observed in post-diapausing individuals—a finding 
which has been extended by Wyatt (1959) to include the turnover of ribonucleic 
acid. And since these steady-state kinetics are almost certainly dictated by the rate 
of breakdown of the corresponding macromolecules, we are persuaded that 
hydrolytic and other catabolic enzymes must somehow be reduced in activity 


within the diapausing insect 
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hese specializations of the diapausing pupa are of obvious survival valuc 
under most conditions and circumstances. However, they ill-equip the pupa for 
emergency situations such as the damage by birds, rodents, and parasites—dangers 
which in each case involve the penetration ot perforation of the pupal integument. 

It is an extraordinary fact that Nature has equipped the pupa with a mechanism 
for rousing itself from the depths of diapause when challenged with all such 
emergencies Damage to the pupal integument sets in motion a train of events 
which mobilizes the biochemical resources of the animal as a whole in an over-all 
response to a localized injury (SCHNEIDERMAN and WILLIAMs, 1953) 

[he present paper initiates a series of reports of the metabolic response to 
injury in the Cecropia silkworm. Our purpose is to consider this clear-cut 
phenomenon in the diapausing insect as a route of approach to the general problem 


of the chemical control of cell metabolism 


MA'TERIALS AND METHODS 


Experimental animals 

Experiments were performed on diapausing pupae of the Cecropia silkworn 
he pupae were of two types: normal diapausing pupae stored continuously at 
25°C and used during the 5-month period of stable diapause, and brainless dia- 
pausing pupae, such as the preceding, which had been stabilized in permanent 
diapause by the removal of their brains. Certain experiments were performed on 
brainless diapausing pupae of the closely related Polyphemus silkworm and on 
diapausing pupae of the Cynthia silkworm. The weight of each pupa was recorded 
within 2 months after pupation and this ‘initial live weight’ was used in all the 


calculations 


2. Measurement of rate of oxygen consumption 


\. Manometric measurements. Measurements were performed at 25°C in 50 ml 
vessels equipped with adapters for use with standard Warburg manometers 
(SCHNEIDERMAN and Wi.iiams, 1953). The carbon dioxide was absorbed on 
hlter paper (Whatman No. 40) moistened with 0-4 ml of 1 N potassium hydroxide 
and slipped into the adapter. An additional 1-2 ml of alkali was placed in the 
bottom of each vessel together with two small folded pieces of filter paper. ‘he 
latter supported a short length of 14 mm (o.d.) glass tubing on which the pupa 


was placed head downward. The vessels were not shaken. Measurements wer: 


routinely performed with air as the gas phase, and were recorded in microlitres of 


oxvgen consumed per gramme live we ight per hour 


B. Respiratory measurements in divided chambers. \n one group of experiments it 
was necessary to perform respiratory measurements on pupae oO! parts ot pupae 
that had been joined together to share the same blood lo this end, a plastic 
diaphragm was sealed around the pre paration and the latter placed in a divided 
chamber device described by SCHNEIDERMAN and WILLIAMS (1956) (see Fig. 4) 


he plastic diaphragm was lubricated with silicone grease and sandwiched between 
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two 20 ml respiratory chambers. Each chamber was coupled by a one-hol 


yer stopper to a | ml pipette calibrated in 10 ul units 


Re spiratory measurements were made at 25°C as described by SCHNEIDERMAN 


WixiiiaMs (1956). When the index drop had travelled the length of the 


was returned to its original position by the injection of pure oxygen 


rubber stopper 


Experimental injuries 
Puncture wounds. A hypodermic nee dle of known diameter was pushed throug! 


ntegument at the tip of the abdomen of a CO,-anaesthetized pupa; the needk 


inserted to a depth of 3 mm and then withdrawn Ihe 
ur at 25°C 


puncture was s aled 


1 drop of melted wax and the animal returned to ; 


Larger injuries. Standardized large injuries were established in CO,-anaesthetized 


Che integument overlying the face and legs was 


in the following way 
Ithiourea were added to inhibit 


Crystals of phe ny 
to oppose bacterial infection. ‘The 


T pl telvy excised with a s« alps | 


rosinase, along vith stre ptomycin sulphate 


d with insect Ringe (EPHRUSSI and BEADI FE, 1936) and cove red with 


i! place with melted parafhr 


vas fille 
icetate) which was sealed 


sed in al Irgic: rations in which other parts of 


slip (cellulose 


proces Ss were 


EXPERIMENTAL RESULTS 


Quantitative aspects of the injury metabolism 
Che variability which one can anticipate in the 
studied on six diapausing pupae whose brains had 


irliet \s recorded in ‘lable 1, the average U 


observations 
pupa was 
sevel il months ( 
iduals und rwent extrem ly littl Variatior ver a pe riod oto davs 
a second group of six brainless 


the ettects of CQO. ana sthesia. 
\s recorded in 


for 30 min and then returned to au 


o determine 


was anaesthetized 
l and Fig. 2(A). the only effect of the anaesthesia was to introduce a minor 


iriability in the average O 


Large injuries. ‘The proportions of the injury metabolism can be illustrated by a 
l« ‘periment performs d on five brainless diapausing animals Initial measure 
low Q,, characteristic of diapausing pupae, 


nents confirmed the extremely, 
Each animal was anaesthetized with carbon 


iveraging, in this case, 18 wul/g/hi 
dioxide and, at zero time in Fig. 1, the standardized large injury was established tn 
Ihe pupae were then placed in the respirometers and 


2 day 5 


the leg and facial region 
the rates of oxygen consumption determined 2 hr later, and thereafter for 


it appropriate intervals 
[he average values, plotted in Fig. 1, show that the 


already doubled by the second hour after injury; by the second day 
QO, began to decline in what 


over-all metabolism had 
it had mor 


than tripled. ‘hen, about a week after injury, th 


appears to be an exponential decay function 
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, 


LD). Abdominal wounds. By the technique previously described (WiLLiams, 1952 
the integument at the tip of the abdomen was excised and the wound capped witl 


a ‘plastic window’. The diameter of the circular injuries was varied: viz. 4, 6, 7, 8 


THe EePPE 


DERM 


ind 9-5 mn As seen in Table 1, the injury metabolisn 

far exceeded that caused by single puncture wounds 

pupae, each with a 7 mm terminal window, are presented 
maximum increase was attained after 2 days and amounted to 3 


f large injuries of this type least a month is necessary 


iurv metabolisn 


Hormones and injury metabolisn 


\. / vperiments on subdivided pupae Six d ipausi \ ip 


into anterior and posterior et ds ind seal d to plasti slips (Wi 


records the average () ot the before and after subd 
the isolated ibdomens ce spit h lack Known ee! 


" ’ ’ ‘ | ’ co 
injury metabolism scarcely distinguisha 


Spermatogenests and injury metabolism 
unless diapausing pupae are extremely sensitive to pro 
ire among the first cells to show deve lopmental char 

of diapause. Moreover, hanges in question are eas\ 
described in detail by vr and Wiiiiams (1953 
conducted as follows 

Six brainless diapausing male Cecropia pupae wert 
i! aesthetized and one of the two testes w is removed 
ibdominal segment he testis was torn open in insect Ringer and examin 
microscopically to confirm the presence of spherical cysts containing spermatocyt 
ind the absence of any elongate cysts containing spermatids. The standardized 


injury was than established in the leg region of i. A weel 


height of the injury metabolism, each of the six was sacrifict 


dissected There was no indication of a developmental ion except f 
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ocalized repair of the wound itself. ‘The residual testis of each animal was removed 


1 subjected to detailed microscopic study. The testicular cysts showed no tract 


j 


levelopment and did not depart from their condition prior to injury 


b 
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3. Effects of injury on the rate of heartbeat 

lhe frequency of heartbeat (HARVEY and WILLIAMS, 1958) was determined on 
nine brainless diapausing Cecropia pupae before and after the excision of the leg 
ind facial integument. During the first day after the injury the heartbeat increased 
from jour to seventeen beats per minute. It then decreased gradually and returned 
to its initial value after 25 days. Consequently, the localized injury caused a 
spectacular effect on the beating of the heart 
4. Transmission of the injury metabolism 


\anifestly, the effect of an injury is somehow propagated throughout the animal 
as a whole. ‘his important point was studied in a series of experiments performed 
on subdivided pupa 
\. Pupae with transected trachea By means of small bilateral incisions the 
longitudinal tracheae were severed in five brainless diapausing pupae at the level of 

he third abdominal segment. As described under ‘Methods’, each pupa was then 
ncircled at this point with a plastic diaphragm which was fastened by melted wax 

the pupal integument; the diaphragm was then seated between the pair of 
capillary volumeters shown in Fig. 4(B) 


I experit pertort I rati th Mrs. Roperta BLANCHARI 





he 


HI 

he preparations were stored at 25°C for a month to permit recovery from 

surgical procedures. ‘The Q,, of the anterior and posterior ends was then ascer- 

Finally, a larg vas established at the tip of the abdomen tn four 
facial region of the fifth 


tained myury 
individuals and in the 


Le 


_ . 
ooo 


“ hhh han 


Fig. 5(A), demonstrate 
ininjured end 


isolated from six diapausing pupa 


Fig. 4(C), a plastic 


lhe results, summarized in 
d to the 


tlects of injury from the injur 
ends. Anterior ends, 


B. Parabtiotic anterior 
vere joined together in three parabiotic pairs. As illustrated 1 
Six weeks 


diaphragm was s¢ aled around each preparation at the level of the yuncturs 
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f the injury is disseminated in a decremental manner 
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later, after recovery from the surgical procedure, a large injury was established in 
the facial region at one end. 

The pattern of injury metabolism in each of the three preparations was strikingly 
similar. In the typical result plotted in Fig. 5(B), it will be observed that the O 
of both uninjured and injured ends increased rapidly and became maximal in 
2 days. The Q,, of both ends then declined, the uninjured end at a faster rate than 
that of the injured end 
C. Parabiotic pupae. Eight brainless diapausing pupae were joined by the tips of 
their abdomens to form four parabiotic pairs (Fig. 4D). These preparations were 
treated in the same manner as described above 

The typical result recorded in Fig. 5(C) shows that the injury effect undergoes a 
considerable decrement when propagated through the long distance that separates 


the injured and uninjured animals 


5. Effect of injury on blood cells* 
Ihe number of blood cells which circulate in the haemolymph of diapausing 
pupae was ascertained in drops of blood collected via an incision in the thoracic 


1 ABLI 3 [HE EFFEC rs OF INJURY ON THE NUMBER OF BLOOD CELLS PER MICRO 


THE CIRCULATING HAEMOLYMPH OF BRAINLESS DIAPAUSING PUPAE OF THE CECROPIA SI 


Each pupa was injured repeatedly by withdrawing counting 


initial bleedir 2 


tergum of six brainless diapausing Cecropia pupae. A single unstained drop from 


each pupa was promptly examined in a haemocytometer. An average of only ten 


cells was found per microlitre of blood (Table 3 and Fig. 6) 

{n additional drop of blood was counted from each pupa after 4, 1, and 4 hr, 
and subsequently once each day for a total of 5 days. In two pupae the blood was 
obtained from the same site each time. In the other four pupae each additional 
sample was obtained from a fresh incision along the wings, antennae, legs, and 


abdomen. ‘The results were similar with either sampling procedure and the data 


m collaboratior th Mr. C. Micuaer Dar 


wd CE counts wer r r 
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vere averaged for the six pupa Ihe time course of the appearance of circulating 
cells is plotted in Fig. 6. With the several small injuries in repeated bleedings the 
ount rose to 258 cells/ul at th of the first day and reached a maximum of 


rie end ot th fourth d 1\ 


In a similar experiment, haemolymph from two diapausing pupae contained 
40 cells/ul. When counted 54 hr after a single small injury, the cell count had 
ncreased to 549 


6. Se questering of blood cells 

he tip of the abdomen was cut from eight Cecropia pupa lhree control 
individuals were treated in the usual manner, the wound being sealed with a 
plastic window. In the case of the other five individuals, a cube of sterile surgical 


sponge, approximately 500 yl in displacement, was inserted into the tip of the 


ibdomen before sealing the wound. This sponge is characterized by a labyrinth of 


interconnecting pores to provide an enormous internal surface he sponge was 
hlled with Ringer’s solution prior to us¢ 

‘he metabolic changes of the control and th sponge-containing animals art 
summarized in the averaged values recorded in Fig. 7. The control animals showed 
1 typical injury respons« By contrast, the QO, of the sponge-containing animals 


continued to increase for 8 days and then stabilized at the extremely high level of 
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\Vleanwhile, the wound in the control animals showed the usual deposit of 
blood cells on the plastic window and the formation of the typical transparent 
membrane from these cells. In the sponge-containing animals there was no 


de posit ot blood cK Ils on the plastic window and no indicatior ot wound he abit Vv 
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On the eighteenth day of the experiment the sponges were removes 
in the fresh condition and in histological sections. The side facing the haemo 
showed a dense accumulation of blood cells, fat-body cells, and tracheoles 
contrast, the side facing the terminal window was completely devoid of cel 


elements 


DISCUSSION 
Disseminated character of the injury response 


The dissemination of the injury response was clearly illustrated 
parabiotic preparations between pairs of pupal anterior ends (Fig. 4C) 


the presence of a broad blood connexion between the two parts, the 
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il developed an injury metabolism almost as large as that of the injured 
lhe effects on the uninjured individual were greatly reduced in prepara- 


the 


— 
iarrow blood connexion and a sluggish circulation betweet 
effects oft the 


ns posse SSINnY’ a 


lividuals (Fig. 4D). These findings strongly suggest that th« 


jury are disseminated by the blood ig. 4A) 
has also been demonstrated 


ited character of the injury respons 
yn the epithelium of the pupal wing Thus, 


issemin 


ents performed 
on i pupa a few days after a large integumentary injury, the 
m shows an oxygen consumption far in excess of that recorded when thi 


s obtained from uninjured pupae (HARVEY 


1957) Lhis metaboli chang« mn 
listant injury is accompanied by a resynthesis of cytochromes 6 and 


; 
1 a Ui 


indetectable in the normal wings), along with substantial increases 
of the cytochrome system (SHAPPIRIO and WILLIA) 
Lhe widespread biochemical respo! se to 


irporation of tagged amin 


all other enzym« 

SHAPPIRIO, 1960) injury 
rther documented by the four-fold increase 1n the 1in« 
icids into blood proteins (TELFER and WILLIAMS, 1960) and of tagged nucleotides 


into ribonucleic acid (Wyatt, 1959) 
n the present study we have also c: wo other over-all effects of 
alized injury; namely, the enhanced ra yf haemat 
nto the circ ulating blood 


Et 


n addition to the physiological ind bi nical ider ‘ ver-all respons 


Dr. JupiTH WILLIs’s ied electron n 


IcrogtT ipl S de monstrate 


micromorphology of th 


ustant injury Causes 


that the pupa as a whole is 


tnese several 


mobilized 


miury factor 
magnitude of the injurv metabolism is a function of the size of the injury 
‘his fact is illustrated in Fig. 8, where the maximal increase in O.. is plotted 


ling wounds. Attention ts directed to 


corre spon 


\ reasonable fit to the data ts provided by a 


wainst the circumference of the 


the upper curve for single wounds 


which the injury metabolism varies as the 0-8 power of the 


logarithmic curve in 


wound’s circumference 
Now it 1s clear that the margin of a circular wound varies as the first power 


the diameter or circumference, whereas the ar 


of 


ea of the wound varies as the second 


power. lIherefore, the magnitude of the injury metabolism seems to de pend on the 
? 


imference of the wound rather than on its absolute size his finding direct 


wound may be a site where 


ntion to the possibility that the margin of the 


i 1 into the blood he circulation of this 


is gene! ited ana released 


nstrated in the parabioti preparations, would then account for tl 


nd disseminatior I ti injury eftect 
, 


virtually impossible to tes 


un the blood of a normal 





HI 


pupa and replace it with that of 
fortunately, all experiments of this type establis! 


the test pupa an injury metabolism which we ar 


Notwithstanding this difhx 
of the localized productior 
lhe parabiotic « xperiments, incl 
ilready been cited in this connexior 
illustrate din | ig l, sugvest a seg 
after injury, a rapid and sustaine 
circulation in the blood: (2) or he fifth day after 
production of injury factor 1 (3) an exponential dec 


injury factor 


What we interpret to be tl ) the productio 


coincides with an early phase he | i of the wound 
may, in turn, be divided into a series of stages: a mobilization of blood cx 
circulating blood, a deposit of bh | i site of the wo 
from these cells of a transparent m« mbrane 
lhe role of the blood cells is further en pi sized in the 
lragment of sponge was implant i 
reaching the site of injury | 
standardized injury were 


terms of a prolongatior 


Deres 4 
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ition of the blood cells, th spec ding up ¢ f the heart, and metabolic 
ges in most othe r ce Ils 


on the basis of present evidence we cannot eliminate the possibility 


stages of biological amplification may be interposed between the 
generalized cellular respons [hus, it is conceivable that the 
ictivate only a certain type of cell and that these activated cells 
sible for the disseminated response 
of interest that an isolated pupal abdomen shows an injury 


great as that of an tsolated anterior end: 1.¢ the respons 


though the abdomen contains virtually all the somatic muscles 
yr end contains all the known endocrine organs. Consequently, 
is postulated in the chain of causation, it 1s neither 

e gland, but some t e of cell that is present thro igh out 

inother possibility—that 

response to injury may able to produce and releas the 


hormone Le MS point w. what we call the tnjury 


ither ecdyson, itsel r some closely related molecul 


true that the | hemical respor to injury, in so far as they art 
nderstood, faithfully umic the char ges induced by ecdyson at th 
idult development r, the overriding biological fact is that the 
dyson is accompanied by the initiation of adult development, a result 
jur experience has not been obser response to the injury factor 
g thousands of brainless diapausing pupae, we have never encountered 
e where adult development was initiated in response to integumentary 
\pparently, no amount of injury can substitute for the secretion of 
by the prothoraci glands 

he present investigation we have taken advantage of the fact that the 
spermatocytes in th pupal testes show an extremely low threshold to ecdyson and 
are among the earliest ce lls to respond to ecdysor at the outset of adult development 
Notwithstanding this fact, no trace of development was induced in these cells whet 

pupae were subjected to extremely large injuries 
We are therefore persuaded that the hypothetical injury factor is not ecdyson 
{nd in the absence of any evidence for an indirect action of the postulated factor, 
we favour the view that the spread of the injury response throughout the insect ts 


due to the distribution of the injury factor itself 


+. Cellular response 

[he injury metabolism is characterized by an up to ten-fold increase in the rate 
of oxygen consumption. However, the metabolism of a diapausing pupa is so 
low that, even at the height of the injury response, the Q,, is scarcely in excess of 
that which one routinely encounters in normal, non-diapausing insects. In this 
sense the injury response is a return of the metabolism to levels observed at all 


other stages in the life history 





This interpretation of tl 
virtue of the special biochemical 


‘Introduction’, the ‘maintenance metaboli 


} 


horizontal line in Fig only a small fraction of t 
diapausing insect (upper horizontal line) \s indicated by 
Fig. 9, the action of the injury factor is to disrupt the con 
diapausing cells and, the reby, to enforce a compensatory 1 
kinetics. And, as also illustrated in Fig. 9, the declining phas« 
can be accounted for in terms of reconstitution of the consery 
to diapausing cells 
According to this theory, it should be impossible to 1 duce 
in a non-diapausing insect where the metabolism is already el 
which is in complete accord with experimental findings (SCH 
Moreover, if the injury metabolism con pensates for the loss of conservatn ! 


; 


peculiar to diapausing cells, the enhanced metabolism should be a prerequisit: 
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the survival of the pupa after injury. This inference is also documented in the 


finding that injured pupae are killed when the injury metabolism is blocked by 
high concentrations of carbon monoxide (KURLAND and SCHNEIDERMAN, 1959). 

Finally, we may note that the present theory of the injury metabolism is in 
accord with that proposed by ‘TeLFerR and WILLIAMS (1960) to account for the 
four-fold increase which injury induces in the turnover of the blood proteins. 

lhe results of the present study have led to a comprehensive theory of the 
injury metabolism while leaving unanswered persistent problems such as the 
nature of the injury factor, its primary actions on the tissues, and the sequence of 


vents which it sets in motion. These questions will be considered in subsequent 


papers of this series. 
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Abstract 
T: 


IN'TRODUCTION 
vorm, Tenebrio molitor 1.., is a cosmopolitan pest of stored 


ontent of stored grain indicates the important role of 


vsiology of Tenebrio molitor larvae Lhe assumptio1 


yrrelation can be drawn between the presence 


igh concentration of a specific substance in the natural milieu of an insect and 


the p1 sence of corresponding digestive enzymes is true in this case. One of the 


il 


Dost ls work was to conditions for amylase activity zm vitro of 


pul 
Tenebrio molitor \larvac 

l} iture of insect amylases has been basically investigated in a few cases 

\ detailed study of amylase activity from tl 


Bombyx mort L.. was made by Mort (1930), and of Blattella germanica L. salivary 


ind amylase by WIGGLESworRTH (1927) and Day and Powntnc (1949). No 


e midgut of the silkworm larva 


corre spondence has been found between data on insect amylases and the 


oughly investigated «a- and -amylases of plant and animal origin. ‘The effect 
us a- and amylase activators and inhibitors on larval amylase could 


yute to the elucidation of its natur« 





AMYLASE At | ae ()] 


he impaired growth of Texebrio molitor on soybean meal has been noted 
(Lipke et al., 1954). ‘This impairment has been attributed to the effect of several 
soybean tryspin-inhibitors on the proteolytic activity of the insect (POWNING et a/ 
1951). A second aim of this work was to note the effect of these substances on the 


activity of the larval amylase of Tenebrio 


MATERIALS AND METHODS 


Stock breeding of Tenebrio molitor | 
Larvae* were reared on a diet composed of a mixture of wheat brar 
flakes (4: 1) at 24-26°C. Humidity was maintained by covering the mediun 


moist cotton wool. Only the last larval instars were utilized for these experin 


Preparation of larval enzyme solution (LES) 


Larvae were dissected be hit d the thoraci region and grasped at the post rio! 
end with forceps. ‘The midgut was extruded and disconnected from the hindg 
lhe detached midgut was cleared of fat-body and haemolymph by gently 
it on moist filter paper Four midguts were homogenized in a chilled tissu 


with teflon pestle (A H. Thomas & Co.) containing 16 ml 


distilled 


butter at 5 °¢ lhe hon ogenate was filtered through cotton wool and dil 


: 


concentrations in accord wi 


preliminary experiments was newly prepared befor 
relative protein content of ea vas determined wit! 
described by LOWRY ef al , 1) if were calculated 


basis 


; 


Determination of amylase activi 


\Amvlase activity was determined in a reaction mixture cot 


1-) ml soluble starch (Hopkin & Williams Ltd., analytical g 


— 
0-5 ml buffer. Acetate or phosphate buffers 0-01 M were used. LES and buft 


de) in butt 


pipetted into 20 ml test tubes and equilibrated for 10 min in a thermostatic 
} 
i 


ath: the reaction was then begun by addition of starch solution previous! 


brated at the same conditions. After 10 min incubation, enzymatic acti 
terminated and determined by addition of 2 ml of the 3,5—dinitrosalicy! 
reagent as modified by NOeELTING and BerRNFeLp (1948). Optical d 
determined with a Hilger-Spekker absorptiometer, filter No. 55 
crystalline pancreatic a-amylase (Pentex, U.S.A.) was 


BERNFELD (1955) 


Ictivators and inhibitors 
(Activators or inhibitors incory 
9H 5-4 and replaced 0-5 ml bufter in reaction mixtures 
| I 
he protein fractions prepared from defatted soybean 


1 


self-amvlase activity in a reaction mixture containing 
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fraction in bufter. ml 1 soluble starch in buffer, and 0-5 ml 0-01 M acetate 


buffer pH 5-4 at 25 


| 
C and 10 min incubation 


Che following substances were assayed 
NaCl (Agan, Israel) 
CaCl, (Hopkin & Williams) 
(Hopkin & Williams) 
(May & I 
(Dow Chen 
ste (NB Co.) 
tathione (NB Co 
rbic acid NB ( 


Worthington Biochemical 


Corp.) 


ibits tr 
/ (1954) 


red a ' ing to LIPKE ef al 


an trypsin inhibitor 


yas prepa 
) ible, pu ndlyop! | 
d according to Birk and APPLEBA (1960). omitting the “TCA 
I] and Vi wert 


BOWMAN (1946) Sov p< ) Ttractions 

sovbean flour on a 
buffer pH 7-6. Elutior 

mcentration in starting 


 raction [| wa eluted b 


then dialysed 


rified. at 


ribed by 
column 


wueous solutior 


-O1l M 


ct 


ctions were 


1961) 


ntered glass dis« if the 
stilled w iter at a CoNnce!l 
ind eluted with 15 n 


pH 5-4 (5°C). Th 


fraction ¢ 
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strips were soaked in 0-01 M acetate buffer pH 5-4, blotted on dry filter paper, and 
then equilibrated in the electrophoresis tank for 15 min at 320 V constant voltag« 
Samples of 20 ul of LES (prepared at the concentration of four midguts per 
millilitre) were applied to the centre of the strip with the aid of a glass slid 
Electrophoresis was continued for 1 hr, during which the current remained stabk 
at 3-5 mA. Three alternate strips were then oven-dried at 95°C and sprayed with 
> 


a 0-2 solution of ninhydrin in acetone. Colour was deve loped by heating th 


sprayed strips at the same ten perature for 10 min. The optical density of th 
bands was recorded by a photo olt densitometer Dh two other alte rnate strips 


were taken out of the tank and immediately cut from the origin into parallel strips 


of 0-5 cm width Each strip was immersed tn a test tubs¢ containing | 


and its amvlase activity determined as described above 


RESULTS AND DISCUSSION 


Optimal conditions for LES amy! 
(a) Optimal substrate concent) 
irc SsoiuTIOnNS ! thre rat 


h was found to be 
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ct of temperature on LES amylase activity. Optimal temperature was 
of 15-35 C at pH 5-4. The optimal temperature was found 
it which this species usually develops. In this respect 
xceptional, as data pertaining to a- and f§-amylases 
cases a temperature optimum of higher order Lhe 
fjombyx mort L.. midgut amvlase is 60°C during 24 hr 
it for Blattella germanica L. is 50°C during hr 
1949) Ihe optin il temperature for 
) hr (ANpDREEV, 1958), that for hi 
; 40 -C (BERNF! , 1948), and that for soybean 
and WHELAN, 1957 
imvlase lost 25 r cent of! after | hr incubatior 
of pH ind ten perati On incubation of LES at 
complete loss oO \ hen examined at pH 
LES amylas yptim: n ] rom 25 to 20 ¢ 
| he sli pe 
it pH 4-8 than at pH 5-4 
high temperatures it 


CC tor 270 min (ScHuw 


of LES amylase activit 
f inv wctivator nd inh Ditors o7 | | s an vlase 
I l ‘ables | ind ) | il le ? contall Ss. il iddition. the aSSa\ 
some protein fractions from soybeans 


been noted that man v-amvlases contain bound Ca (VALLEE ef al 


oted activation of | ES amvlase by Ca may pe rhaps be attributed to 


of the enzym« } ule, deficient in Ca due to high dilution of the 


and absence of such activation u 

Whereas Bacillus ubtilts v-amvlase is 

is demonstrated in barley malt «-amylas« 

pergillus o imvlase (WHELAN, 1958). Movu.p and ‘THomas (1958) 


two protozoan a-amylases which are not activated by either a o1 


las ses about 75 per cent of its activity after dialysis against 
vater for 20 hr in cold, although when kept under similar conditions 
ialysis retains complete activity. Addition of Cl~ slightly reactivates th 
ysed LES amylase. In comparison, the amylase of Blattella germanica L. was 
be completely reactivated by this ion after dialysis (WIGGLESWORTH, 

and PowNnInec, 1949) 
as been noted that imylases from sweet potatoes, barley malt, and wheat 
SH groups, whereas a-amylases from barley malt, Aspergillus oryzae, 


ubtils, pig and human pancreas, and human saliva do not (WHELAN, 19538) 





On this basis the absence action of cysteine ar 


LES amvlase ts of signi 


prot in. Tractiol 


flour. which have 1 lf-an tivity at pH 5-4, slightly 


CSBTI, the only purified 


. , 
rvstallized substance 


stimulating « fect on crystalline 


. umvlas¢ 
( and Ai . which exhibit stron umvl: ctivit\ 
umvlase activity 

Additional experiments wel conducted 


\ and ¢ 


, we on th rreakdown products of 
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is¢ 


0O-O1 NI 
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vice versa. Although LES amylase, when added for 10 min reaction to a previously) 
10 min incubated and 10 min boiled Ai or C, reaction mixture, continued to 
hydrolyse at its normal rate, no activity was observed when Ai was added to a 
previously 10 min incubated and 10 min boiled LES reaction mixture. Addition of 
C, under similar conditions resulted in continuation of activity at an almost normal 
rate 

On assessing the inability of Tenebrio molitor and other stored product beetk 
larvae to develop successfully on raw soybean meal (Micket and STANpisH, 1946, 
1947: LIPKE ef al., 1954), one must take into account all adverse factors present 


which might affect the digestive physiology of the insect. ‘The inhibitory growt! 


effect of many such factors present in raw soybean meal on proteolytic 


has been previously substantiated. It was noted that certain factors, such as the 
trypsin inhibitor Ai , which is a powerful growth inhibitor of 7ribolium castaneum 
Herbst, does not affect the midgut proteolytic activity im vitro (Birk and 
\PPLEBAUM, 1960). As can be seen from ‘Table 2, Ai and C, exhibit self-amylas« 
activity, and CSBTT, fractions I] and VI activate LES amylase. Th 

ettect of raw soybean meal may thus be due not only to inhibition o oteolvsi 

also to a simultaneous stimulation of amylase activity and to subsequent metaboli 
imbalance, which is even more pronounced than inhibition of proteolysis per se 


\nother point which could play a role in retarding gro t Tenebrio molito 


on raw soybean meal is the possibility that decreased consumption of food 


correlated to energy requirements On this basis, increased utilization of carbol 


drates would lower food consumption 
3. Column chromatography of LES 


Fig. 2 shows the elution diagram of LES on Amberlite IRA 410 
peal s designated A to D were resolved 
\mylase activity is concentrated in fraction (¢ Che reco 
on elution from the column is 100 per cent, of which fraction ¢ 
30 per cent. Compared to the activity of non-fractionated LES 
in content, fraction C is 2-36 purifies 


exchange! leads to the } ision tl it 


+ Paper electrophoresis of LE » 


| he electrophoretic ri bility 


wn in Fig. 3 
| ou! distinct bands, d Sif 
responding 0-5 cm paper 

m. Fraction 1 is the 


ic nature 
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NATURE AND CHARACTERISTICS OF INVERTASE IN 
RELATION ‘TO UTILIZATION OF SUCROSE IN THI 
GUT OF OX YCARENUS HYALINIPENNIS (COSTA 

(HE TEROPTERA: LYGAEIDAE) 


SAXENA and PREMLATA BHATNAGAR 


of Dell Ir 


IN'TRODUCTION 


S yY of digestion and absorption of food in the 


(Costa) has been undertaken in order to understat 


log lly adapted to its host plar t cottor \r 


account ¢ 
e, and composition of food of the insect has already 
NAGAR, 1958) For further elucidation, it has beer 
to study various characteristics of the dige stive enzvyvn 


utilization of different nutrients. Observations 


utiliz ition of sucrose, glucose, iT d fructose in the gu 


MA'TERIAL AND METHODS 


Ihe pres¢ nt study was confined to ad ilts of Ox voarenus 


ilture of which was maintained in the laborator 


reported in this paper the insects from the culture wer« 
water for about 48 hr in order 1 ir th alimentat 


desiccated at a relative humidity 
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individuals could then be made to ingest any experimental liquid diet at the desired 
time for a known duration. The experimental diet was offered in a small ball of 
cotton wool soaked in the liquid 

One of the characteristics of the invertase examined was its activity in relation 
to the hydrogen ion concentration of the reaction medium. ‘To study this, the 
desiccated insects were allowed to ingest water for 5 min and extracts of their 
salivary glands and midgut were prepared as described elsewhere (SAXENA and 
BHATNAGAR, 1958). Each extract included midgut or salivary glands from thirty- 
six individuals, and its volume was adjusted to 2:4 ml. It was then divided into 
twelve aliquots of 0-2 ml each. and they were arranged in two series: A, with nine, 
and B with three aliquots. ‘To each of these was added 0-2 ml of a suitable buffer 
solution so as to maintain a constant pH at the desired level. Reactions of all the 
).& to 


extracts in series A were adjusted to nine different pH values ranging from 
7-9 by adding citrate-phosphate buffers (McILvarng, 1921). Extracts in series B 
were kept in a boiling water bath for half an hour to destroy any enzyme that might 
be present. ‘These served as controls and their reaction was adjusted to thre« 
different pH values: 2-8, 3-4, and 4-0 ‘Then 0-1 ml of 0-05 M sucrose solution was 
added to each of the twelve extracts, which were kept for incubation at 37°C 
for 18 hr. At the end of this period, 0-1 ml of N/10 sodium hydroxide solution was 
added to each incubated mixture to stop the enzymic reaction. 

[he reaction mixtures were then subjected to paper partition chromatography 
for the s paration of the substrate and products of reaction according to the method 
described below. A sample of 0-015 ml from each of the twelve reaction mixtures 
vas placed on the base line of a sheet (22 = 18 in.) of filter paper (Whatman No. 1) 
\ll the twelve samples were placed side by side, 1 in. apart, in a series (Fig. 1), on 
either side of which were placed the reference sugars along the same base line 
\fter allowing the solvent n-butanol—acetic acid—water (4 : 1 : 5 v/v) to run down 

filter paper sheet for 60 hr the chromatogram was dried and the sectors ABCD 

EFGH (Fig. 1) containing the reference sugars were cut off Chev were 

veloped with benzedine-—trichloracetic acid reagent (BACON and EDELMAN, 1951) 
so that the sugars on the paper would show up as brown or yellowish-brown spots 
basis of the positions of the spots of the reference sugars, the location of 


pe sted substrate and products ot dige stion, 1. glucose and fructose, on the 


r 


elope d part (BEH( ) of the chromatogram was determined | rom this part 
hromatogram, 1-5 in. wide strips of paper were cut off parallel to the bas 


i manner a trip included either the undigested sucros« 
or fructose (WNOP) from all 
r sheet. Eacl 
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Appearance of glucose and fructose would indicate action of the enzyme invertase 
on sucrose. 


Intensity of spots of the different sugars on the developed strips of paper 


would vary with their concentration which, in turn, would depend on the degree 





Reterence Sugors 





D 








of enzymic action o1 


ditterent pH values, 
Vas measured by 


it transparent witl 
icl spot is rt 


CO 
as obtained | 


+1 


| 


Nnciose 
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xamine whether conditions within the alimentary canal of the 

rable for the activity of the invertase, pH in different parts of the 
determined according to the method employed by SAxeNa (1955) in 
Roenigit For this purpose the desiccated insects were fed on disttlled 
with different indicators, and the insects were dissected at different 
time after feeding. Colour of the indicators in different parts of the gut 

: the basis of this it was possible to determine a narrow range within 

in a particular region lies [he insects were 

, dyed with various indicators, and their pH was 

Che solution of the sugar in distilled water main 


lo bring the pH of the nutrient 


ippropriat | l HCl was added to the sucros¢ 


pH \ idjusted ( I i ratew drops of ] solution 


irbor [he I ach 1 s within the gut was 


s oF thts 


trerent pl ices 


| densit' 


varolysi 


, ; 


rotion of produc S 


t 
, 
insects on 10 solutions 


vit? ) al 
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HYDROGEN ION CONCENTRATION IN THE GU’ 
e observations given above indicate that the pH of the reaction medium 
e activity f e 1 erta from th dige stive juices ol ()xvcarenus 


ilintpennt In o1 o determi how far the conditions within the gut of the 


SUBSTRATE 


OF UNDIGESTED 


INTENSITY 


« 
5 
= 
Vv 
O 
7 


ing sted sucrose, the pH i! 





the pH 


the cut 


different values 


back to the norm: 


I his indicates th: 


Digestion of sucrose n 
the digestive tract of the 
the enzyme extracted fron 

Lhe chromatogran 5 
containing sucrost ind 

ake them appearanct 
ent of the original 
monosaccharides 


With advance 


and that of both 


sucrose undet 


of the substrat: 


appt if il 


from thos 


ip! ids { | di 
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instalments Within > min after the meal the indicator can be seen in the 
second ventriculus, and by the end of the first half-hour it reaches the hindgut 
he first lot of the dve is evacuated about 90 min after ingestion, but it takes several 


the entire dye to clear out of the gut. Bromophenol blue is not absorbed 














(hindgut). The 


‘ t ‘ 


ut, and it thus serves as a marker to comparé¢ the 
itilizable constituents the ingested food within 


ars ingested by the insect is described separately 


the gut mav be followed from the diagrammatic 

ntation (Fig. 3 he chromatogram of the gut-extracts of insects fed 
nutrient It mav be observed that soon after ingestion contents of 
ventriculus contain an appreciable quantity of free glucose and fructose in 
ingested sucrose. Within 15 min an additional sugar makes its 

R. value of which (0-265) is lower than that of sucrose (0-637) and 


: that of rafhinose (0-204) 
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In order to identify this new sugar, gut-contents of seventy-five individuals 
fed on sucrose were pooled together about 15 min after the meal. ‘They were then 
subjected to paper partition chromatography, and the new sugar was eluted i 
water. The eluate was hydrolysed with 0-1 N HCl, and, after concentrating it 
stream of air, it was again subjected to paper chromatography. Such chromatogran 
reveal that the new sugar on hydrolysis vields only two monosaccharides, glucose and 
fructose. Estimation of these sugars indicates that the proportion of glucos« 
twice that of fructose. In other words, the new sugar is a trisaccharide consisti1 
of two glucosyl and one fructosyl units. ‘This trisaccharide is evidently form 
from the ingested sucrose by the addition of a glucosyl unit to an intact suc 
molecule and it may be termed gluco-sucros¢ 

In a few cases the trisaccharide is detected in the first ventriculus soot 
feeding, but its concentration is very low in comparison with that of sucr 
fructose, and glucose. As the time-lapse after the meal advance: 
of the trisaccharide increases up to a period of about 30-45 
concentration of sucrose, fructose, and glucose declines. Fall 
sucrose is most rapid, and within 15-30 min tl 
without reaching the second ventriculus. Declin« 
in the gut is slower than that of sucrose bu 
the subsequent time-intervals concentration of glucose, fructose, and the 
charide falls at more or less equal rates, and about 75-90 min after feeding al 
three sugars disappear entirely from the gut. None of these sugars has been traced 
into the second ventriculus or in the succeeding regions, though by the end of the 
first half-hour, the dve in the ingested food reaches the hindgut 

‘These observations indicate that digestion of sucrose is completed withiu 
first ventriculus and final products « 


although a trisaccharide is ten 


Effect of addition of glucose and fructose to sucrose 


When the insects are fed on a solution conta ing 


equal proportions, contents of 1 ventriculus aga 


fructose and the trisaccharide in addition to the ingested 


centration of the trisaccharide is, however, quite high fron 
and sucrose disappears from thi 


alone lhe subseque nt history rars 1s the sam 


short, addition of tree glucose { ingested sucrost 


formation of the trisaccharid 


' 


On the other hand, when fructose is added to the ing 
fructose and glucose appear in 1 ir ventriculus of th 
immediately after feeding. In mo ndividuals the trisaccl 
the gut at all: in a few cases, 
view of this, addition of 


f the trisaccharide withi: 





K. N. SAXENA AND PREMLATA BHATNAGAR 











60 
AFTER THE MEAL 

















' 
cil 


ntric ulus In minute 
first ventriculus in which region it finally disappears by the end of 105 min 
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ifter 
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tion on absorption of products of digestion of sucros« 
att 


ind fructose. Chron 


to gain intorn 
6) reveal that 


solutions ot glucost 


ere fed separat ly on 10 


t-contents of the individuals fed on glucose (Fig 
ilso collects in the first ventriculus its concentration steadily 
iduals the hexose has been observe d to enter the second 


r has not been traced behind 


hye ou 
whe re 


In a few indi 
l 


quantity, but in most this sug: 


ingestion 





























Fructose, when fed ilor sects. 
completely disappears from the gut after the 


s transformed into each other or into some 


It was also consid red desirable to discover whether disapp« irance of 
the gut of the insects fed on these ugars WV is duc 
} 


ictose tron 
nto mpoundas 
| l i 


due to then io} I 
the test applied | 


or Ttructos 


to then 


transtorn 


tie T 
the gut but could not be detected b 
ubateqd 


quantities of glucose and fructose were s pal tel) in 
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ubated mixture was subjected to paper partition chromatography, and 


reaction mixture was estimated after elution by 

as described befor: lhe results indicate that none of 

ysaccharid is reduced in quantity in the reaction mixture during 
In view of this there is hardly any possibility that 

f the insect may bring about any transformation of glucose ort 

ther compound. Disappearance of these sugars from the gut 


het ibsorptior 


contain ‘ rfor on 


1953, 1954; Wor and 





nthesis ot which Set 


e\ 


ingested sucrose (DuspPr 


itilize all the sucrose present 


the I 


1940; WATERHOUSI 
954, 1955). Among 
ICAO ¢ 


TOSS } 
ives) the 
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in the concentration of fructose than that of 


faster decline 
As a result of this, the 


be due to more rapid absorption of fructos« 
gut soon exceeds that of fructose even before the 
It is ata Stage subsequent to this that con- 


ist 
] 

of glucose in the entire 
OS¢ ha been dige sted 


the trisaccharide increases These facts suggest that when the free 


is in excess of fructose, the enzyme favours transfer of glycosyl 


intact sucrose molecules rather than to water and this results in synthesis 


‘his view is further supported by the acceleration in the rat 
gut of insects fed on a mixture of glucos« 


the gut 


trisac¢ haride 


is of the trisaccharide in the 


is in excess of that of fructose from the 


nd sucrose so that the amount of glucost 
in the ingested 


On the other hand, the presence of free fructos« 


ery beginning 
sucrose inhibits formation of the trisaccharide because the tim« required for this 


to be absorbed, and therefore for the glucose to exceed the quantity of 


| 


tose, 1s prolonged 


I'he above suggestion that disappearance of fructose from the gut and excess of 


responsible for the synthesis of the trisaccharide is further confirmed 


trisaccharide when the enzyme is allowed to act on sucros 
In reaction mixtures of gut-extracts and sucrose, free fructose, and glucose 
to enzymic transfer of glucosyl units to water molecules as stated above 


no opportunity for the free fructose to disappear from the reaction 
it cannot be absorbed. As a result of this, th proportion of glucose 
se remains equal throughout the incubation period and transfer of 
ules does not occu 


SVi units to sucrose nolec 
\nother characteristic of the enzymic action worth consideration concerns th 
the trisaccharide to produce 


insects fed on sucros« Although this again involves transfer o 
1 as an 


that no sucrose is formed 


free glucose and fructose within 


is strange 


inits to water molecules, it 
iate product. ‘This can be explained on the basis of simultaneous transfer 
Tree 


the trisaccharide to water molecules so that 


the glucosyl units of 
It is to the advantage of the insect 


nd glucose are liberated in one step 


the formation of sucros« during breakdown of the trisacchari 


e] le sinc 
for resynthesis of the trisaccharide 
Chis would aftect the 


might again serve as substrate 


ee monosaccharides might be inhibited 


orption and utilization of the sugar 

Lh present study also reveals that the rate of action of the enzyme ort 
1 sucrose within the so rapid that final products, 1. glucose and 

formed in the fi ventriculus before the ingested food can reach 


monosaccharides are absorbed by the time the 


full utilization of the ingested sucros¢ 


r¢ 
ntriculus. | 


ynd ventriculus 


e the financial assistance from 


wr the present work. The; 


r 
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Abstract— Ad 


tri-phosphate 


INTRODUCTION 


THE labelled pool technique has been succesfully applied to the study 


soluble phosphorus compounds of the adult housefly (WINTERI 
WINTERINGHAM ef al., 1955, 1960). ‘This paper is concerned 


to the central nervous tissue of the cockroach, Pertplaneta americana. A prelimi 


bt Line d has been publishe d (Hy SLOP and RAY. 196] 


with its appli 


note on the analytical results « 


VIATERIALS AND METHODS 


Reference compounds 


1 tri phosphate s (ADP, ATP), cyt 


lhe sodium salts of adenosine 5-di- and t1 
5-di- and tri-phosphates (CDP, CTP), uridine 5-di- and tri-phosphates (UDP 


ind tri pl osphate Ss (( | »P. (; | P , al d uridine 
glucose (UDPG) were purchased from Pabst Laboratories, Milw 


Di- and tri-phosphopyridine nucleotides (DPN, TPN) 


LTP), guanosine 5-di- 


adenosine and cytidine monop! 
Chemical Corporation, St 5.7 Wey 


ty? 


(G6P) was obtained fron 
of sodium L-a-glyce rophosp! ate (GP) 


barium salt of arginine 


CALDWELI Barium 


netore 
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dehydrogenase as described by WINTERINGHAM (1960). Both the DPN and GP 
dehydrogenase (ex muscle) used for this experiment were purchased from 
Boehringer und Séhne, Mannheim-Waldorf, Germany 


Insect handling, labelling, and extraction of nerve cords 


Young, adult male Periplaneta americana were reared on a diet of rolled oats, 


toppings (a wheat bran fraction), fishmeal, and dried yeast, 45 :45:5:5 by volume 


with water ad lib. They were injected intra-abdominally, while under mild cold 


not more than 400 jc of carrier-free **P orthophosphate in 40 yl of neu- 


zed solution using an Agla micrometer syringe fitted with a 27 s.w.g. hypodermi 


ihe \fter injection the cockroaches were isolated in 350 ml jars and except 
ited below ke pt for 7 davs at 25-27°C ona normal diet before dissection 

end of this period each insect was secured on its back to a wax bed witl 

tape and a small pin passed throug! the last abdominal segment 


yntamination of the cuticle witl P phosphate was removed by gentle swabbing 


tl Na HPO, solution and the insect ied lwo parallel cuts made 
th the abdominal wal w millimetres on either side of the midline using 

le Strip of cuticle between thx removed by blunt dissection 

under the rd and, using a different set of 

is dissected off ler a low-power microscope 


ger’s solution (HoyLE, 1953) 


e obs« 


, , , 
vith platinum elect 


t 


netratior 
suspension homogen 
extraction me di in 
al d placed at 5 ¢ 
was centrifugs d at L500 £ 
lwo further extractions wet 
discarding pestle w 


supernatants were centrifuged a 5,000 ¢ for 15 min 


ely divided suspended matter al d ~ t ion to paper chron 
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Chromatographic techniques 

Solvents 1 and 3 (Burrows ef al., 1952) were formic acid—acetone—water 
(14-60-26 v/v) and methanol-2 N NH,OH (70-30 v/v) respectively. Solvent 
(ENNoR, 1957) was n-propanol-saturated aqueous ammonia—water (60-30-10 v/v) 
Solvent 4 (MARINETTI and Stotz, 1956) was di-isobutyl ketone—acetic acid—water 
(40-30-7 v/v) used at 25°C with silicic acid impregnated paper. Solvent 5 was 
isopropyl ether—90 formic acid (60-40 v/v). Paper chromatography in solvents 
1, 2, 3, and 5 was carried out on washed Whatman No. | strips hung in partially 
evacuated tubes as described by WINTERINGHAM et al. (1955). Solvent 1 was used 
at 5°C and the others at 25°C. After chromatography substances were transferred 
to fresh strips in an elution apparatus (WINTERINGHAM, 1953) using 0-1 
acid in 50°,, aqueous acetone as solvent 

lo prepare fractions on paper strips for elution chromatography o1 
columns the following procedure was adopted. ‘The appropriate parts of sir 
chromatograms were dispersed in 15 ml of freshly prepared extraction mediun 
using a small blender he resultant mash was placed on a sintered glass di 
pressed down hard and blown ‘dry’ with a hand bellows 
extraction medium was added and allowed to filter throug! 
10 min. The paper bed was again blown ‘d and the combined filtrates evapor 
to dryness on a short path freeze dryer (BUTLER and | 
flask was washed out three times with successive 


and the washings adjusted to pH 5 by the cautious ; itior imn 


experiments an extract was made from unlabelled lobster Homarus 


rve cords with the same extraction med and a portion 
g fresh tissue added as non-radioacti\ ir? issist eluti 
4] 


1adSK 


\ considerable amount of fatty material 1 in the 
ind tended to becom suspt nded 
removed by filtration under 
disintegrated filter paper supported on a coarse sinter covered witl 
(D. A. GILBERT, personal communicatio [his step was not necessary) 
ract was not used. If column eluates contained substances which 
urther chromatography on resin columns, most of the form 
in a freeze-drying apparatus, 10 volumes of water were added to 
strength and the pH adjusted to 6 by addi gy ammonia he nev 
loaded and the remaining salts w: i with 5 bed volumes of water 
starting the elutio: Che columns used were of Dowex-1 formate, 200—400 1 
4. l6cm~x 15cm diameter Chree elution gradients were used—th« 


acid (system 6) and ammonium formate (system 7) procedures of HURLBERT ef 


(1954) and for quantitative work the formic acid system with the gradient steepet 

(system 8) as recommended by GILBERT and YeEmMM (1958). The flow rate of sol 

was controlled at 28-4 ml hr~' by a metering micro-pump typ« 

C, a formic acid resistant alloy, by the Distillers Company Ltd., Epsom 
Reference substances on paper chromatograms were detected by ultra 


, 


light, by the acetone dip technique of Burrows ef a/. (1952) (a modificatior 


\ 





aniline phthalate test for 


Hanes and Isherwood molybdate reagent) o1 
gars (PARTRIDGE, 1949). In column eluates reference located by 
absorption measurements at 260 or 280 my or by phosphate estimation using th 
and Subbarow method of BARTLETT (1959) 


substance and the zone of radio- 


of identity. In column 


substances wert 


modified Fisk 
between the added reference 


was taken as evidenc« 


chromatograms 
vas usually possible to apply the principle of isotope dilution and to 


pecific activity of the mixture of labelled material from the cockroach 


r 
tne 


and added carrier for each tube of a pe il 


Radiometrt 
; 


i 1 by WINTERINGHAM ef a 


is described 


he areas under peaks activity (sec |) measured by planimetet 
locate¢ brief monitoring. ‘The 


wn vol imes 


Viullard MX 


idioactivity in column eluates wer 


ymbined and rT! ( 


m!| portions were assaved to thin & 1) 2 per cent 


i 
) 
le + (,e1lgel countel 


were 


extracted P 1 inning 


P was alw s taken 


II], and IV, 1.e. total solubl 


1 the initial paper chromatograms 


1onti 


ent | as peaks II, 
ind I\ separates 


of fractions I], 


nd V wer discarded for the reasons Six replicates of each 


given below 


were run 


itographic separation 
activity and total pho phorus determinations 
s on which specific activity and phosphorus determinations wert 
Ringer’s solution (GRIFFITHS and 


I d extract d as de S¢ ribe d abo ( | he re siduc 


1943) auring dissectior an 
acid extractions was further extracted with 


rd 


or¢ 
I 


done wert washed with phosphat free 


ethanol—formK 


supernatant discarded 


SUCCCSSI ‘ 


centrifuged, and the It was then extracted thre« 
thanol (1—1) at 20°¢ Lhe 


h chloroform—met 
nt l al d the pe iks of radioactivity al 


, 
if SOLVCT 
1953). Blank paper strips 


ethanol—formic acid extract 
ymatographed on paper | n 

narrow zones by elution (WINTERINGHAM, 
as controls Phosphorus 
rr (1959) 


iterial 


romatographed in the same solvent to act 


by the modified Fisk 
he chloroform—methanol-soluble m 


fractions II. III, LV. as dV. the 


ing with I 


and Subbarow procedure of BARTLI 


luble residu iter wet as! *-P assavs were 
proportio! oT 


coloures 


so] tions tte? phosphor is estimati 


lissolved bv three 


ot ibdon 





in the three-extraction procedur routinely used in this study 
65 per cent of the total P of th 


Paper chromatography in 


approxin 
ered in the e 


omatogram of which 


nerve cord Sampies was reco’ 


solvent 1 vielded a radio chr 


J 
a aw ar ad 


is t pical ()mussion 


larger pe ak of radioactivi 

belheved to consist mi 

of the fast-running fracti 

und its behaviour in the lipid fra 

that this fraction consisted n 

phospholipid contaminatior 
vent l, but this has been 


In all cases, the results have be 


en ¢ ak ulate d 
P running on paper in 


solvent | is pe aks Il. II. al d L\ 
ilwavs take n as the sum of tract 5 II, III, and I\ s¢ parated 


lractior ~ | ind V were igT 
account of the evidence that tl 


‘ vere rev? TT 


paper chromatograms i 


mores 


i 


some additional reasons give! bel 


sik re plic it 
st paration were run 


Effects of feeding after 


he proportion of the total tissues 
three successive extractions, and 


chloroform—met! 


anol solubility 
ive been determined for « 


ockroa 
bet veen 


injection and extractior 
pparent ill effect resulted fron 
e nerve cord ®P distribut 


ol unlabe Lhe d ph 


" 
tl 


spho 
spholipids, soluble pho 
chemical determinations sh¢ 
extracted (including 7-2 per « 
including 


4+oo per cent 


were simil 
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P REMOVED BY THREE SUCCESSIVE EXTRACTIONS AND 
OF PHOSPHOLIPID EXPRESSED AS rOTAL TISSUE **P 


nerve cord samples fron d six from starved 


COCKT vache were ani 


100-0) O0O-O 


ormity of labelling 
from the above results that isotopic equilibrium between 
the tissue total phosphorus had not been achieved. Fig. 2 
result of an experiment in which cords from fed cockroaches wert 
d at inter after labs lling and the extracts analysed in solvent 1 Relative 
ictivities of fractions II-V, of the unextracted phospholipid and the 
ted non-phospholipid substances 7 days after injection are shown in 
With Fig. 2 they show that while isotopic equilibrium had been 
1: the ‘soluble’ fractions after labelling for 7 days, both the unextracted 


] 


ind the phospholipids wet at a much lower specific activity 


The effect of carriers in elution chromatography 
['o test for isotope exchange between labelled and unlabelled molecules 
adsorbed on the finely divided resin columns two types of experiment wer 
performed. Firstly, unlabelled CTP and “P orthophosphate of very high specific 
activity were mixed in solution and chromatographed together in system 8 which 
does not resolve them xed fraction after elution from the column was 
itographed in solvent | \ll the radioactivity behaved as orthophosphate, 
ng completely from the ultra-violet-light-absorbing zone Secondly, a 
replicate chromatograms of nerve cord extracts in solvent 1 was divided 
lots and the fractions II of each lot separately analysed in system 8, one 
with and one without added lobster nerve extract No effect of the carrier on the 
distribution of *P between the components of fraction II was found. Similarly, 
when reference substances at chemical levels about one hundred times those of the 
labelled compounds were added to extracts before analysis, the proportion of the 
P activity in the sub-fraction containing the carrier did not increase. It was 
concluc at there was no isotopic exchange between these compounds on 

formate columns 

overies of minute quantities of radioactivity from the resin columns have 


been better than 99-5 per cent whether or not carriers were added 


\bout 10-20 per cent of the “P remained in the freeze-dryer flask when 


fraction Il was prepared for column analysis. Some of this activity may not have 


been water-soluble phosphorus. When large amounts of carrier extract were added 
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to assist elution of fraction II from the mashed paper, a proportion of the fatty 
residue in the flask becam« suspended in the washings and had to be removed 


Pr 





. 
>. 
— al 
/ 
/ 


\/ 


Fic. 2. The percentage soluble *P represented by fractions II, III, and IV at diffe 
times after injection of “P 


orthophosphate Fraction II, Fraction Ill, @ 
Fraction I\ 


rent 


‘TABLE 2—RELATIVE SPECIFIC ACTIVITIES 


OF COCKROAt 
NERVE PHOSPHORUS COMPOl 


NDS 7 DAYS AFTER INJECTION O} 
P ORTHOPHOSPHATI 

Fraction IV taken as 1-0 \’ is phospholipid 

residue not extracted by ethanol—form« 


chlorotorm—methanol 


by filtration before loading the column. A further 15 per cent of the remaining 


*P activity was lost at this step thus offsetting the advantage gained by adding 
the carrier 


The composition of the extract 
Fraction II (Fig. 1) was split up into eighteen sub-fractions in system 8 (Fig. 3) 


Fraction II] was divided into three sub-fractions, II1,, II1,, and II1,. with R, values 
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of 0, 0-17, and 0-43 respectively on paper in solvent 2. In some 


either the whole of fraction III or the separated sub-fractions were analysed in 


experiments 


system 8. III, and II],. were not split up by system 8, but III, resolved into ten 


nos luting olvent fron 
vas pumped to the column 
ind the mixing volume 


contained water 


peaks with evidence that at least two of them contained more than one substance 


Fraction [V was chromatographed in solvent 3 to yield three sub-fractions IV,, 
[V,,, and IV, at R, 0, 0-52, and 0-67 respectively. A separation of fraction IV was 
often achieved in solvent 1 but this was not sufficiently reliable for quantitative 

Part of sub-fraction IV, was converted to an acid-labile compound by 


work I 
results of the analysis 


incubation with a-glycerophosphate dehydrogenase. The 
of the extract are summarized in Table 3 
I'he tentative identifications quoted are based solely on co-chromatography 


except that of a-glycerophosphate. Reference to co-chromatographic evidence 
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on paper has been omitted unless it could be clearly shown that the systems used 


were capable of resolving the compound in question from all of its likely 


contaminants. The separation of the extract into fractions in solvent 1 is not 


perfect. The ‘trough’ between fraction II and III (see Fig. 1) gives in system 8 


laBLe 3—THE COMPOSITION OF THE EXTRACT 
(for notes see text) 


Formed | 
P activit 
t OP—orthophosph 
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peaks corresponding to I], or II],,), Il, or 1 ge, Ie or M1 g..59, [yy or IL, of 
III, , II, or Ilp, and a quantity of radioactivity fairly evenly spread between 
tubes 190-225. Sub-fractions I], and II1,,;,. can readily be distinguished by paper 
chromatography in solvents 1 and 2 and in phenol saturated with water as well as 
on grounds of ultra-violet absorption. Similar separations have not been attempted 
in the other cases where cross-contamination of this type is known to occur. 
Where it is known that a tentatively identified fraction is impure the fact is indicated 
in the table by a question mark. The size of individual sub-fractions has been 
estimated only where good resolution was achieved and some sub-fractions appear 
twice in the table, once resolved and also as part of a composite fraction. ‘The 


percentages of soluble **P quoted do not therefore add up to 100 


Errors in paper chromatography, scanning, and area measurement 
[he accuracy of measurement of the areas under radio-chromatogram peaks, 
the reproducibility of repeated scanning of a single radio-chromatogram, and the 
‘TABLE 4—REPRODUCIBILITY OF ANALYSIS (a) AREA MEASUREMENT 


BY PLANIMETER, (b) SCANNING » (C) PAPER CHROMATOGRAPHY 


(d) EXTRACTION 


All results ; soluble P+5S.D. (No. of observations) 


Fraction 
IT] I\ 


+ ()47 (6) 26:75 +0°65 (6) 


| (10) 29-28 + 


c 
7+0-91 (6) 28:15 4 
/ 

7 28-32 + 


results of replicate analyses of single extracts by paper chromatography in solvent | 
followed by scanning (once) and area measurement (once) have been assessed. 
In ‘Table 4 the results of such experiments are compared with those of replicate 


analyses of nerve cords from groups of normal cockroaches. 


Total phosphorus of cockroach nerwe 


[his was found to be 1-85 + 0-23 (33) mg P/g wet wt. 


DISCUSSION 

If portions of cockroach abdominal nerve cord are cut out and quickly dropped 
nto liquid nitrogen, large changes in the levels of soluble intermediates occur 
during the brief time interval between excision and fixation (HEsLop and Ray, 
unpublished data). ‘The in situ freezing technique described overcomes this 
difficulty. However, quick-frozen cords which were allowed to thaw in 0-4 N 
perchloric acid before extraction contained much less ATP than when the frozen 
tissue was fixed by brief boiling in water or by grinding with perchloric acid under 
liquid nitrogen before thawing (HEsLop and Ray, unpublished data). This finding 
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is similar to that reported by Lin et al. (1958) for mammalian brain tissue. The 
extraction medium used, N formic acid in 50°, ethanol, is liquid at — 30°C so that 


penetration of the tissue by the extractant and denaturation of enzymes is possible 


before thawing. A disadvantage is the solution of considerable quantities of 


phospholipid. Perchloric acid seems to be free from this defect and the phospholipid 
in trichloroacetic acid extracts of mammalian central nervous tissue can be centri- 
fuged off (HEALD, 1956), but there is no easy way of removing phospholipid from 
ethanol/formic acid solution without losing other compounds. However, with the 
chromatographic procedures described in this paper the analytical errors due to 
phospholipid are small. Ethanol/formic acid is preferred to trichloroacetic acid 
or perchloric acid on account of the mild conditions at extraction and the fact 
that it need not be removed before subsequent analysis 

Elution chromatography from Dowex-1 formate proved to have greatly 
superior resolving power to the paper-chromatographic systems tried. Despite 
the use of a wide variety of solvent systems satisfactory resolution of the composite 
fractions II or II] was not obtained on unidimensional paper chromatograms 
There are indications that fraction IV could be further subdivided if a suitable 
system could be found and further work is required on this point. On the other 
hand, when the paper-chromatographic step in solvent 1 was omitted and the 
extract applied directly to Dowex-1 formate very poor separations were obtained 

It has been demonstrated that a condition of isotopic equilibrium between the 
soluble intermediates was approached during a 7-day labelling period under the 
conditions used so that the radioactivities of the separated soluble compounds 
represented the relative chemical concentrations in which they were present. 
Since the total soluble phosphorus has been determined chemically (see above) 1t 
was possible to estimate the actual tissue concentrations of the separated metabolism 
on the basis of their relative radioactivities. The results are shown in Table 5 
The tissue level of ATP was determined by an independent method based on 
perchloric acid extraction and firefly luciferin assay to be not more than 2-7 uM /g 
wet wt. (Ray and Hestop, unpublished data). ‘The luciferin assay procedure 
used was not specific for ATP. It responded in some degree to GTP, CIF, tif, 
UTP, and ADP due to the presence of nucleoside diphosphokinases and myokinas« 
in the firefly extract (BALFouR and Samson, 1959; HesLop, unpublished data). It 
is, however, apparent that the ATP concentration found by the labelled pool 
technique and that found by luciferin assay are in the same order 

The concentrations of phosphorus compounds found in cockroach nerve are 
also compared with reported values for rat brain and mammalian peripheral nerve 
in Table 5. The similarity between the ATP : phosphagen and GTP : GDP 
ratios in rat brain and cockroach nerve suggests a similar mechanism of energy 
transfer in the two phyla. Cytidine and uridine nucleotides are apparently more 
abundant in the insect nerve than in the mammal brain. From the data in ‘Tables 
1 and 2 it was calculated that cockroach nerve contains 20 mg phospholipid per 
gram wet wt. and this figure was confirmed by chemical determination of 


chloroform-—methanol-soluble, water-insoluble phosphorus. ‘This is close to the 





138 


LOP AND J. W. Ray 


values calculated for cow and lobster peripheral nerve and for lobster ventral 
nerve cord from the data of BrRanpt (1949) which were 21, 


18, and 20 mg/g 
respectively 


[ABLE 5—PHOSPHORI MPOUNDS IN SOME NERV ISSUES EXPRESSED 


4S uM /g WET W1 


b 
Ree hrats Vertebrate 


peripheral nerve 


0-84 


0-04 


SUMMARY 


| Some phosphorus compounds ot Periplaneta americana nerve cord whicl 


become labelled during a 7-day period following injection of the insect with 


‘PP orthophosphate have beer fractionated by paper an 


d elution chromatography 
’ 


estimated radiometrically 


5-mono-, di-, and tri-phosphates, cytidine 5-m«e and 


guanosine 5-di- and tri-phosphates, uridine 5-di- and tri 


1 tri-phosphopyridine nucleotides (DPN, TPN), uridine 


ind 
osphoglucose, «-glycerophosphate, arginine phosphate, glucose-6-phosphat 


rthophosphate have been tentatively identified and estimated in cockroacl 
I 


: | he le Ve ls ot yuanosine nuc¢ le otide 5, adk nosine nu le otide S, DPN, | PN. ind 


sphagen found were similar to tl 


hose given for rat brain bv other workers 
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4. The amount of phospholipid in cockroach nerve is similar to that in 


mammalian peripheral nerve and lobster nerve 
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INTRODUCTION 


mmon knowledge that insects differ greatly in their tolerance to low 

s. At a given temperature one species may remain active while another 

hill-coma. It has also been well documented that the chill-coma tempera- 

be altered a few degrees in thermal acclimation (MELLANBY, 1939, 1940, 
1958; CoLHoun, 1954, 1956, 1960). ‘The adaptive compensations which enable 
a species to maintain activity at temperatures that inhibit activity in other species, 
and the mechanisms associated with intraspecific acclimation, are not well under- 
stood. Inter- and intraspecific comparisons have been made of metabolic and 
other rate processes between poikilotherms from high and low habitat temperatures, 
between latitudinally isolated populations, and between animals otherwise adapted 
to high and low temperatures. General reviews are given by Prosser et al. (1950), 
Prosser (1955), BuLLock (1955), and Precnrt et a/. (1955). VERNBERG (1959) has 
reviewed work involving measurement of oxygen consumption, and SCHOLANDER 
et al. (1953) have reviewed papers on climatic and seasonal adaptation. 

It is also well established that acclimation of enzyme activity may accompany 
thermal adaptation of organisms. PRecut et al. (1955) and BuLLock (1955) have 
reviewed this field. ‘The purpose of the present study was to document correlations 
that might exist between the influence of temperature on insect muscle apyras¢ 
and its effect on the activity of the insects as a whol In particular, relationships 
were sought which might aid 1n explaining why the activity of some insects may 
continue at t mpe¢ ratures preve nting activity in others. 

Since the apyrase system is regarded as one of the chief sources of energy for 
muscular activity, a correlation might reasonably be expected between species 
differences in the rate or temperature coefficients of their apyrase activity and 
differences in the animals’ adaptation to different temperatures. Accordingly, the 
rate of apyrase activity of species differing in chill-coma and habitat temperatur« 
vas compared. Other workers have sought similar correlations. STEINBACH (1949), 
after comparing the apyrase activity of four species of fish, a sparrow, a mouse, a 
turtle, and a frog, concluded that there was no correlation between temperature 
coefficients and the normal environmental temperatures of these animals 
PARTMANN (1955) found greater rates of apyrase activity in muscle homogenates 
of a fish, the tench, than in bovine muscle homogenates, but temperature 
coefficients in the range 0—-30°C were nearly the same. DAVISON and RICHARDS 
(1954) compared the effects of temperature on the apyrase activity of a cockroach, 
minnow, and crayfish. At low temperatures the highest rate was in the minnow, 


‘ 


followed by the crayfish and cockroach. However, in these early tests, with a less 


satisfactory reaction mixture, the highest temperature coefficient occurred in the 


he lowest in the minnow. KENNEY and RiIcHARDS (1955) found that in 
ater bug, Lethocerus americanus, leg muscle had a higher apyrase rate 
temperatures and a higher temperature coefficient than flight musck 
Flight was inhibited at about 10°C whereas walking and swimming were 
ped until the temperaturt Vi nearly O'¢ Che higher temperaturt 


Vas therefore issociated V1 an a t\ that was less vulnerablk to 





inactivation by low temperature. RICHARDS (1958) noted, for the L. american 
data and curves for other species, that the rate of apyrase activity was simi 
temperatures producing chill-coma except for a dragonfly 

In the present study stril ing ditterences were found in the eftect of te mpet 
on the rate of apyrase activity of different species. Higher temperature coefh« 
were consistently associated wit! species | iving lower chill-coma ten perat 
However, at a temp rature 3— ibove the respective chill-coma tempt 
the r: of apyrase activity was nearly the same in each of the spec 
temperature optima of apyrase activity were lower in species having lower 
temperatures, while the rate at the optimum temperature appeared to be | 
for insects commonly regarded as most ; In an intraspecific compari 
apyrase activity at given temperatures was greater in cold-adapted thi 
adapted individuals, but in this c: adaptation had little o1 


temperature coefficients of apy: 


VIETHODS AND MATERIALS 

Experimental animals 

Che following animals were | 1: The American « 
americana: the giant death’s head ach. Blaberus cranitfes 
domestica. the waxmoth, Galleria mellonella. the mealworm, 
sarcophagid fly, Sarcophaga bullata; the crayfish, Cambar 
horseshoe crab, Limulus polyphemus 
kept at 30°C; the roaches were reared at room temperature, 25 


was reared at 35 the I h wi ollected from a local por d 


( 
pond water at 15°C until used; the horseshoe crab was shipped het 
Hole, Mass.,. and stored for several davs at 10°C. Cold adapted and 


P. americana and T. molitor were also used. For adaptatior 


were placed at 30°C and 10 or 15°C for periods of 3-10 days befor: 
mealworm adults were sub-cultured at 35 and 15 (¢ 

2. Chill-coma determinations 
Chill-coma temperature, 
fail to occur, was used as a cri 
activity at low temperatures 
coma temperatures: Animals 
on a disk of damp filter paper 
then measured \n insect 
failed to elicit 


t mp ratures until a 
) 


Shr ( 10.000 sec 
crayfish the container 
active to nearly 0 (¢ 
course of its inactivatior 


measurements, but the 
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sluggishly active at 10°C. The number of individual coma time measurements at 
each temperature was: B. cranufer, 3-6; M. domestica, S. bullata, and G. mellonella, 
11-12; 7. molitor (warm-adapted), 8-14; 7. molitor (cold-adapted), 10-14; P 
americana (warm-, cold-, and unadapted), 5; and C. diogenes, +. ‘The determinations 


it each temperature were averaged and plotted against temperature (Fig. 1) 


Ipyrase (adenosinetriphosphatase, AT P-ase) determination 
determinations were generally made with homogenates 
le tissue However, homogenates of the whole 


thoraces ot V/ domestica wert used IT S¢ 


xd of KENNEY and RICHARDS (1955) was used in preparing homo- 
genates from the femur muscles of P. americana and B. crantufer: the coxal muscles 


of B. cranufer and warm-, cold-, and unadapted P. americana; the thoracic muscles 
‘f M. domestica, S. bullata, G. mellonella, and warm- and cold-adapted 7. molitor; 
he tail muscles of C. diogenes; and the leg muscles of L. polyphemus. ‘The muscles 
the latter two species were given a preliminary grinding with an iced morta 
lhe homogenate concentration usually prepared was 62-5 
ate. Fresh homogenates were prepared shortly before 
rminations and kept cold until use« 
g homogenates of whole coxae of P. americana at 
homogenization was done with an iced morta1 
d at 34 C before homogenization. It was noted that freezing 
homogenates before testing ncreased the ipyras activity 
vity of homogenates from frozen whole coxae was about 
as comparable homogenates from unfrozen coxa ‘his 
es further investigation 
determinations followed the procedure and reaction mixturé 
1 by KENNEY and RICHARDS (1955). Reaction mixtures were: 0-04 ml 
g muscle, 0-2 ml 0-02 M MegCl,.6H.O, 
0-02 M ATP, and 1-56 ml 0-037 M sodium barbital buffer, pH 7-8. The 


nethod of Fiske and SuBBAROW (1925) was used to determine inorganic phosphate 


homogenate equivalent to 2:5 m 


he amounts of phosphorus in the replicate tests and reaction blank wer: 
ed using a Coleman Universal Spectrophotometer, Model 11, at 600 n 

corrected for the blank, replicates were averaged, and the results 

‘(pressed ug P/mg muscle/min. Since KENNEY and RICHARDS (1955) obtained 

essentially the same relationships when plotting data on the basis of tissue weight 

or nitrogen value, the simpler determination of tissue weight was used her 

ite concentrations (ranging from 1-25 to 5-0 mg muscle in reaction 


tures of 0-002 M ATP concentration) plotted against the rate of hydrolysis of 


g P/5 min) gave a straight line that prolonged to the zero intercept. This 
a © 


for data obtained at temperatures of 6, 13, 21, 25, 30, and 3 


( An 


Arrhenius plot of these data revealed that the rates obtained with each homogenat« 


concentration fit a single curve. Hence, the minor variations in homogenate 
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concentration likely to be encountered in this study should, in themselves. hav« 
little influence on the temperature coefficients of apyrase activity 
Check tests showed that the ATP concentrations used avoided the error in 


phosphate determination that can be caused by high ATP concentrations (BLUM 


and CHAMBERS, 1955) 
Full tabular data for all determinations are included in the thesis on file in the 


University of Minnesota Library 


RESULTS 
Induction of chill-coma 


Fig. 1 illustrates the relationship between temperature and the exposure 


time required to induce chill-coma. ‘The shape of the curve for the crayfish is 


M. domestica 


— bullat< 
— 8B. cronifer 
— P american 


lowest cf 
flies, the es, the waxmoth, 
curves, together with data for warm- 


adapted T. molitor, are summarized 
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expressed as the lowest temperature tested that failed to induce coma within the 
stated times. In addition to characterizing the relative abilities of the animals to 
function at low temperatures, the coma temperatures reflect in a general way the 


emperatures normally encountered in their habitats. ‘Thus, the mealworm, with 


‘TABLE 1—SUMMARY OF CHILL-COMA TEMPERATURES 


15 min 30 min 2°8 hr 
species coma temp coma temp coma temp. 
oo. (CC) 


- dioge nes 
Vl. domestica 
S. bullata 

B. cranufe 
P. americana 


G. mellonella 


T’. molitor (warm) 


molitor (cold) 


| 

pP ‘ 
americana (warm) 

pP 


1 
americana (coid) 


a high coma temperature, regulates culture temperatures toward maintenance of 


the optimum of 33°C (MicHaL, 1931; ALLEe et al., 1949). The waxmoth, also with 
a high coma temperature, thrives in cultures at 35°C and in nature inhabits bee 
hives maintained at about this temperature. The cockroaches have somewhat 
lower coma temperatures. Both occur in the southern United States and they 
culture readily at room temperature. The housefly has a lower coma temperature 
than any of the other insects in this study and in nature is active throughout a 
wide range of environmental temperatures. Its preferred temperature has been 
reported to be high, but with the distribution greatly left-skewed because some 
ndividuals selected temperatures as low as 14°C (FRAENKEL and GuNN, 1940) 
he crayfish has a coma temperature near 0°C. Since it occurs in Minnesota ponds, 
exposure to water temperatures as low as 0°C would occur in spring and fall. Its 
habitat is thus normally colder than those of the other species studied. 

I'he data show that high- and low-temperature adaptation of P. americana and 
l’. molitor changes the 30 min coma temperature by 2-2°C and 3-4°C respectively 
[hus short-term, or physiological, adaptation produced substantial overlapping 
in the coma temperatures of thes species 


Influence of temperature on the apyrase activity of different species 

An Arrhenius plot of the rate of apyrase activity of each of the animals is 
presents d in | ig 2 lhe natural logarithms of the rates (ug P mg muscle/min) 
have beet plott d against the reciprocals of absolute tempe raturé [hese curves 
wr temperature coefhcients, in the lower portions of thé 


species with lower coma temperatures (i.e. Cambarus 


iter for 
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Musca, Sarcophaga) than for those with higher coma temperatures (i.e. Tenebrio, 
Galleria). \t is also evident that the slopes decrease with increasing temperature 

lhe physiologically interesting range for adaptive compensation in insects, 

based on chill-coma temperatures, is about 0-15°C; with few exceptions, chill-coma 


of insects occurs in this range. ‘Therefore comparisons of the slopes of the tempera- 


ti ' 


Arrheniu lot rf muscie apyras¢ ctl I 
uscle n Abscissa Reciproca oO bsolut temperature { 


determination 


(uy P me 


made in the low thermal range, as follows: Rate values 


ture—rate curves were 
muscle/min) were taken at 5°C intervals, from 5 to 30°C, from the curves 


(ug P/mg 
as 1n 


of Fig. 2. The log,,’s of these rates were then plotted against temperature, 
Fig. 3. Straight lines were then fitted to the points from 5 to 15°C. The slopes of 
these lines are compared in Fig. 4 where, for clarity, each has been given a common 
Fig. 3 shows that the rates of apyras« 


Above 15 (¢ 


origin and extended beyond 15°C 
activity tend to be higher in species with lower coma temperature 
the highest rate is found in Cambarus, followed in decreasing order by 
Sarcophaga, Blaberus, Periplaneta, Galleria, Limulus, and Tenebrio 

essentially in order of decreasing tolerance to low temperature, 
Che relationship also holds above 30°C except 
lhe curves converge so that 


| 
ilar 


as determined 


chill-coma measurements that 
the curve for Cambarus then passes its maximum 


near 5°C the rates for all species but Cambarus and Limulus are quite sin 


I herefore, lateral displace ment of the te mpe rature—rate curves with « hanging coma 
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perature 
the curves 


jenes 
Jomestica 


| 
bu 


tate 


rity 


raniifer 
polyphemus 
mellonelia 
molitor 

the tern 

| 

ia 


LY) 
3 
or ¢ 


; 


of I ig 
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is evident only above 5°C. Fig. 4 shows that the slopes of the 


temperature 
in the same order, Cambarus having the 


curves, between 5 and 15°C, decrease 
greatest slope and T7enebrio the lowest 
of the two roaches, suggesting a coma temperature of 8-9 ¢ 

3) min coma temperatures and 5, 


degrees above the 30 min com: 


lhe Limulus curve is intermediate to thos« 


In Fig. 5 the rates at the 10, and 15°¢ 
number of 


higher were plotted against the 
thus used to establish the lower 


The coma tempe ratures were 


Trvit 


t mperature 
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from a temperature a few degrees above the 30 min coma temperaturt 
to that temperature the order is approximately reversed Thus, at the 
min coma temperature the highest rates are found in Tenebrio and Galleria 
and the lowest in Cambarus \t a temperature 3-4°C above their respective 
coma temperatures the curves intersect (Fig. 5). At the point of intersection the 
ate of apyrase activity of each species is virtually the same, and is equivalent to 
0-1 ug P/mg muscle/min 
lhe curves of Fig. 6 compare the slopes of the curves of Fig. 5. An excellent 


temperature 


negative correlation is revealed between the coma temperatures of the species 
[he correlation is equally good when 2-8 hr coma 


and the slopes of their curves 
the basis of 


temperature, rather than 30 min coma temperature, is used as 
comparison. ‘The u-values associated with the slopes of Fig. 6 are summarized 
in Table 2, together with values for coma temperatures 

Che relationship between p-value and coma temperature is linear, and only 
the value for the crayfish deviates greatly Che crayfish p-value appears to be 


6000-8000 cal too low. But the decrease in p-value with increasing temperature 


is particularly great in this animal, and the decision to use four points for this 
plot was arbitrary. If the line of best fit for the crayfish had been drawn through 





the 0, 5, and 10°C points, instead irough the 0, 
5), the resulting u-value would in ased to 30.000 35.000 ce: 


fall on the line defined by the t \ Che relationship 


u-value and coma temperature in the | that difference 


temperature 1 ‘ f al t lin value 


ynsl Ips are < 


Spe cies Witl 


! Limulus (2-1), Tenebr 


‘ 


; 
Periplaneta (6-1 Sarcophag 





152 J. A. MutTcHMoOR AND A. G. RICHARDS 


fall in the same order. Moreover, it is clear from observation of the roach cultures 
that Periplaneta is more active than the rather lethargic Blaberus. ‘| he crayfish 
is also inclined to remain inactive. If these subjective estimates of relative activity 
are correct, then the highest maximum rates of apyrase activity were found in the 


most active of the species 


3. Influence of temperature on the apyrase activity of warm- and cold-adapted 
Tl’. molitor and P. americana 
It is of interest to know whether or not differences in rates and temperature 
coefficients of apyrase activity, comparable to those found between different 
species, could be produced by short-term adaptation within species. 7. molttor 
P. americana were warm- and cold-adapted. Adaptation produced differences 


their respective 30 min chill-coma temperatures of 3-4 and 2:2°C ( lable 1) 


ACTIVITY (ug P’mg muscle/min) oF 
OF WARM- AND COLD-ADAPTED 
P. americana 


Cold-adapted Warm-adapted 


Re plic ate | 


muscle homogenates from warm- and cold-adapted 

ils of each species was compared at temperatures ranging fron about 
se causing heat inactivation of the enzyme. Differences in Arrhenius 
data were slight and could not be interpreted in terms of enzymu 


\ limited but more precise comparison of apyrase activity in the rmally 


americana was therefore made Coxal homogenates were prepared 


coxae of varm idapted ind cold idapted cockroaches Ihe 


homogenates w then determined simultaneously, at 7:2 and 
lhree determinatio were mad with each homogenat« it both tempera 
[he experiment was then replicated with a second set of freshly prepared 


wenates ‘he results are summarized in Table 3 \t both test temperatures 


in both replicates the coxal homogenates from cold-adapted roaches had 


eater apyrase activity. The p-values calculated for these tests are 
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Replicate | 
Warm-adapted 22,800 cal 
( old-adapted 24.400 cal 
Replicat 


Warm-adapted 21,800 cal 
Cold-adapted 21,300 cal 


hus, in the first replicate the slope for cold-adapted roaches was greater, but in 


the second it was slightly lower. Although the absolute rate of apyrase activity 


is Clearly greater in cold-adapted individuals, short-term thermal adaptation appears 


to have little or no effect on the temperature coefficient 

Why adaptation to cold should increase the rate of apyrase activity is not 
known. A provocative suggestion stems from the finding that frozen muscles give 
much higher rates than unfrozen ones. Perhaps there is both ‘active’ and ‘inactive’ 


apyrase, and the percentage of ‘active’ enzyme increases with acclimation to cold 


DISCUSSION 


Cold-adapted poikilotherms commonly exhibit adaptive compensation as a 
lateral displacement of their temperature—rate curves, so that the rate at given 
temperatures exceeds that of the less cold-adapted. ‘The rate most frequently 
measured has been oxygen consumption. For insects such studies include thos« 
of Epwarps and NuttinG (1950), Marsuscu (1952), SCHOLANDER ef a/. (1953), 
and DEHNEL and Seca (1956). Differences in the rates of individual enzymes 
trom thermally adapted organisms have also been demonstrated (MArsuscu, 1952 
PrecuT, 1953; CARLSON, 1953; Precut et a/., 1955). The rates of apyrase activi 
reported in the preceding section show a similar displacement in animals with 
lower coma t mp< ratures, both when the comparison 1s between species and when 
it is with experimentally adapted individuals of the same species (P. americana) 

It is of interest that the difference in the effect of te mperature on rat ofa 
activity between species differing in chill-coma temperature tends to 
with increasing temperature. In this respect the pattern is somewhat similar 
that found by SCHOLANDER et al. (1953) for differences in metabolic rate betw 
arctic and tropical insects. ‘The possible adaptive value of the shift in ap 
activity, g1 at given temperatures in species with lower chill-coma ten 
tures, 1s evider us, they may be able to maintain a level of activity 
temperatures comparabl hat maintained at higher temperatures b\ 
cold-adapted animals 

\ second form of adaptive compensation available to poikilotherms may be 
revealed through changes in the temperature coefficients of critical rate processes 
: reduced temperature coefficient is equivalent to a lowered sensitivity to tet 
ture chang In intraspecific comparisons with warn ind cold-adapt 
americana and 7. molitor, conclusive differences were not obtained in the t 


ture coefthcients of apyrast itv: if they occurred the dittet 
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commensurate with the changes adaptation produced in chill-coma temperatur« 
Changes in the temperature sensitivity of the apyrase system therefore may not 
be a factor in physiological, or short-term, adaptation. However, further compari- 
sons should be made, especially since other rate processes have been shown to 
assume different temperature coefficients following intra-specific adaptation 
coefficients, for example, calculated from the data of MArst SCH (1952): 
CHRISTOPHERSEN and Precut (1950); DEHNEL and Seca (1956)}. 

Interspecific comparisons show that the species with the lowest coma tempera- 
tures have the largest temperature coefficients of apyrase activity. The correlation 
is especially good, and is linear, when temperature coefhicients are determined in 
the range between the coma temperatures and temperatures 15°C higher (Figs. 5 
and 6). Coefficients from slightly ditferent temperature ranges are therefore being 
compared. However, the relationship is clear even when coefficients are compared 
in the same range (Figs. 3 and 4). ‘The relationship does not agree with findings 
for respiratory rate in marine poikilotherms; BULLOCK (1955) and Rao and BULLOCK 
(1954) argue that O,,-values in cold-adapted organisms are lower. Moreover, 
Davison and RicHarps (1954) obtained the highest temperature coefficients for 
cockroach apyrase and lower values in the relatively cold-tolerant crayfish and 
minnow. However, the present results are consistent with those of KENNEY and 
RicHARDS (1955) for the leg and flight muscle apyrase of the giant water bug, 
Lethocerus americanus. Other workers have also obtained higher coefficients in 
species from low temperatures. For example, SCHOLANDER et a/. (1953) found, 
without exception, that arctic insects, spiders, and molluscs had much higher 
respiratory O,,-values than the tropical forms. ‘his was true whether comparis 
were made at the same low temperatures or at habitat temperatures. ‘Thus, tl 
data indicate that cold-adaptation in terrestrial poikilotherms is accompanied by 
an increase in the temperature sensitivity of metabolism; the present results 

a similar increase in the sensitivity of the muscle apyrase system. Corre- 
spondence between changes in temperature sensitivity of metabolic rate and rate 
f muscle apyrase activity may perhaps be a means through which some degree of 

be maintained between the derivation of energy through oxidative 
esses and its expenditure in muscular activity 

Perhaps the most interesting finding with respect to apyrase activity was that 

all species the rate was nearly the same at a temperature 3-4°C above the 
respective chill-coma temperatures. ‘The absolute rate at this temperature was 
0-4+0-1 ug P/mg muscle/min. This is similar to the observation by RICHARDS 
(1958) that at the approximate chill-coma temperatures the rates for various 
species of insects usually fell within a narrow range (0-15—0-23 ug P/mg/min). As 
RicHARDS (1958) suggested, this may indicate a minimum rate at which ATP 
must be split in order to produce muscle contraction, this rate being common to 
the various species. Species which have the lower coma temperatures would thus 


be able to reach the minimum rate at lower temperatures; presumably this would 


enable them to maintain muscular activity at lower temperatures. The interpreta 


tion that there may be a minimum rate for the release of energy permitting muscular 
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activity, at lower temperatures in species normally found at lower temperatures, 
suggests an adaptive compensation of great significance. It should be investigated 
further. Furthermore, because of the high temperature coefficients in species 
active at lower temperatures, increases 1n temperature just above coma temperatures 
would increase apyrase rates much above the minimum for muscular activity 
Substantial activity at low temperatures would thereby be permitted. In species 
adapted to higher temperatures a high coefficient in the chill-coma temperature 
range would have little adaptive significance; insects with habitat temperatures 
much above chill-coma temperature would make little use of a mechanism permit- 
ting substantial muscular activity at low temperatures. It is suggested that higher 
temperature coefficients and rates of apyrase activity in insects active at lower 
temperatures, together with the occurrence of a common rate of apyrase activity 
at a temperature a few degrees above the coma temperature, may well constitute 
important mechanisms in thermal adaptation 

\ tendency for the rate maxima to occur at lower temperatures in species with 
lower chill-coma temperatures was noted. Similar shifts following thermal 
adaptation have been noted with other enzymes (CHRISTOPHERSEN and PRECHT, 
1950, 1951, 1952). Moreover, the maximum rate for leg muscle apyrase in the 
giant water bug occurs at a lower temperature than that of the flight musck 
apyrase; leg apyrase is associated with muscular activity that is much more 
resistant to cold-inactivation than the latter (KENNEY and RICHARDs, 1955) 
Comparable shifts in the temperature of the rate maxima did not occur when 
l’. molitor and P. americana were warm- and cold-adapted. It is doubtful whether 
the differences in temperature maxima constitute an adaptive compensation 
per se, since they occur at temperatures above the thermal death points of the 
insects. It would seem more reasonable to suggest that they are enzymic acclima 
tions that have accompanied the adaptively significant shifts in activity at lower 
t mperatures 

The mechanisms producing chill-coma are not well understood. COoLHOUN 
(1960) noted that the behavioural symptoms associated with chill-coma in P 
americana implicate the nervous or muscular systems. PiTkow (1960) suggests 
that a cold-inhibited respiratory centre is part of the chill-coma mechanism u 
guppies. Perhaps significant is the suggestion of NELSON and MomMMaeRrtTs (1960) 
that low temperatures may inhibit the restoration of ATP or an ATP-like precursor 
following its depletion by muscular activity. In the course of the present investi 
gation a similarity was noted in the behaviour of insects entering chill-coma and 
those being anaesthetized with CO,. ‘The time required to induce chill-coma at 


5°C in warm- and cold-adapted P. americana was determined with the roaches 


exposed to CO,-air mixtures ranging from 0 to 30 CO,. The addition of CO 


reduced the chill-coma time in comparison to controls tested in air. Chill-con 


time was influenced less in warm-adapted roaches than in cold-adapted ones. For 
example, with 10, 20, and 30°,, CO, the chill-coma time for warm-adapted roaches 
at 5 C was reduced 19, 27, and 42 per cent, respectively, whereas the corresponding 


decreases for cold-adapted roaches were 38, 46, and 62 per cent Whatever 
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interpretation may be placed on these results, it is evident that more factors are 


involved in chill-coma than just a simple muscular failure. 


SUMMARY 
Che influence of temperature on the rate of activity of muscle apyrase was 
related to differences in chill-coma temperature of a number of poikilotherms. 
Rates (ug P/mg muscle/min) were determined for each species at temperatures 
ranging from about 0°C to temperatures causing heat inactivation of the apyrase 
Che principal findings were that 
1. ‘The highest chill-coma temperature occurs in the mealworm, 7. molitor, 
followed, in decreasing order, by the waxmoth, G. mellonella, the American 
cockroach, P. americana, the giant death’s head roach, B. craniufer, the sarcophagid, 
S. bullata, the housefly, M/. domestica, and the crayfish, C. diogenes 
2. From approximately 15°C, to temperatures causing heat inactivation, the 
highest rates of apyrase activity were found in those species with the lowest 
chill-coma temperatures; thus, C. diogenes gave the greatest rate and 7. molitor 
the lowest 
3. ‘Temperature coefficients (-values), in the range either from 5 to 15°C or 
he respective chill-coma temperatures to temperatures 15°C higher, were 
greater in species having lower chill-coma temperatures 
relationship between chill-coma temperatures and temperature 
its appeared to be linear; a 1°C difference in coma temperature was 
valent to a difference of about 2400 cal in u-valu 
‘he rate of apyrase activity of each species was nearly the same, 0-4 + 0-1 ug 
muscle/min, at a temperature 3-4°C above the chill-coma temperatures 
Intraspecific comparisons of apyrase rates in warm- and cold-adapted 
umericana and 7. molitor revealed n effect of adaptation on apyras« 
emperature Coe fhcients rates, however, wert higher in cold-adapted than wu 
irm-adapted P. americana 
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Abstract 


INTRODUCTION 


‘THE morphological and physiological adaptation of many insects to oxyge N-poor 


environments has been thoroughly investigated. Only a little work, however, has 
been done on the effects of low atmospheric pressures on insects, and this concerns 
either their survival alone (DeECoursEY and Wesster, 1955) or deals with their 
flight (CHaDWick and WILLIAMs, 1949; CHapwick, 1951). Hitherto the capacity 
of animals to regulate their oxygen consumption at low pressures has been investi- 
gated mainly with mammals, and only a very limited number of observations exists 
concerning invertebrates (KENNINGTON, 1957). 

The principal problem to be considered in the present work was whether at 
verv low pressures, when insects become adversely affected, they react solely or 
principally to the ensuing lack of oxygen, or whether there is an effect of pressure 
per se over and above that caused by anoxia. Consequently, the main principle 
underlying our experiments was to compare the effect of a given low air pressuré 
with that of an oxygen—nitrogen mixture of the same oxygen tension, but at 


atmospheric pressur¢ 
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It was first found that at a given low oxygen tension survival of the adult 
mosquito was superior at atmospheric pressure, and that at low total pressures 
survival was improved by high air humidities. Subsequently the oxygen uptake 
was measured at low air pressures, and similarly at corresponding oxygen tensions 
at atmospheric pressure. Similar measurements on respiration were also performed 
with housefly pupae. Finally, the effect of low pressures on respiratory movements 


and on the opening—closing system of the spiracles of the mosquito was studied. 


VATERIALS AND METHODS 
he insects used were adults of the mosquito Aedes aegypti L. and pupae of the 
housefly Musca vicina Macq. taken from laboratory cultures reared by standard 


methods 


Survival experiments 

[he insects were placed in glass tubes of 1 in. diameter which were closed at 
both ends with cheese cloth. In vacuum experiments the tubes were placed in a 
vacuum desiccator which was connected to a manometer and pump. In order to 


observe the survival at low pressures in oxygen atmospheres, the desiccator was 


three times evacuated to of mm Hg and refilled with pure oxygen. Oxygen then 


comprised more than 99-9 per cent of the resulting mixture, which finally was 
evacuated to the desired pressure. 

Whenever a standard relative humidity of less than 100 per cent was required, 
the bottom of the desiccator was covered with a saturated solution of K,CO,2H,O, 
thus maintaining 43 per cent r.h. A high relative humidity was similarly maintained 
when needed by covering the bottom of the vessel enclosing the insects with water. 

The survival in oxygen—nitrogen mixtures was determined by passing the 
required gas through the tubes. ‘The mixtures were prepared by drawing the gases 

appropriate flow ratios from high-pressure cylinders. The nitrogen was 
freed from residual oxygen by bubbling it through an alkaline pyrogallol solution 
or through Fieser’s reagent. In order to ensure a humid atmosphere, the 
tubes were plugged with wet cotton wads and, in addition, the gases were first 


bubbled through water. 


Oxygen consumption measurements 

Early in the investigation the question arose whether and to what extent the 
effects of low pressure were simply due to low oxygen tension. The necessity then 
arose to measure the oxygen uptake at low pressures, so that comparisons could be 
made between respiration at low pressures in air, and in corresponding gas mixtures 
of the same oxygen tensions at atmospheric pressure. A search in the literature did 
not reveal any method by which respiration at pressures as low as those intended 
had ever been measured. First attempts at using a conventional Warburg technique 
were unsuccessful, partly because the apparatus could not be made sufficiently 
leakproof, and partly because of the ensuing difficulties in equilibration. ‘The 
following new technique was then developed for oxygen-uptake studies under 


reduced pressure (Fig. 1). A calibrated 0-2 ml pipette was connected at a right angle 
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through a ground-glass connexion to a Warburg cup, so that it was in a horizontal 
position. The end of the pipette was bent upwards. The central well of the cup 
was filled with KOH and covered with cheese cloth. The side arm of the cup was 


Fic. 1. A respirometer 
1 sponge soaked in n 


a calibrated 0-2 ml pipe 


filled with water. Four cups were used for each experiment, three of which contained 
five to ten insects, while the fourth served as a thermo-barometric control. The 
cups with the pipettes were placed on a rack in a 141. vacuum desiccator in such a 


position that the vertical open ends of the pipettes touched the walls of the 


desiccator. The bottom of the desiccator was covered with a 5 cm layer of water, 
and the whole system was put in an incubator room at a constant temperature. 
After a while the desiccator was evacuated to the required pressure, the system was 
closed, and a small drop of oil dyed with Sudan red introduced into each pipette. 
The oil was applied by means of an oil-soaked sponge contained in an iron frame, 
which could be manipulated from outside with the help of a strong magnet. 
After the pipettes were oil-sealed, the position of the drop was recorded at fixed 
time intervals as soon as the drop moved at a steady rate (this might be up to 
1 hr at atmospheric pressure and after a few minutes at 100 mm Hg). Readings 
were taken every 30 min at atmospheric pressure and every 5 min at 100 mm Hg. 
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A correction was made for each reading by comparison with the position of the 
oil drop in the control cup. The readings obtained (mm at the prevailing pressure) 


were converted to xg O,/mosquito/hr 


This experimental set-up for the measurement of oxygen uptake at low pressures 


made it possible to differentiate between the effects of total pressure and those of 
oxygen tension by adopting the following procedure. First, the respiration at the 
low pressure was measured as described above. Next, the desiccator was connected 
to a nitrogen source and filled up to 1 atmosphere. ‘This left the oxygen tension 
unaltered while increasing the total pressure. As a result of the increased pressure 
in the desiccator the oil dropped out of the pipette into the cup and was collected 
on a cotton wad loosely stuck in the neck of each Warburg cup. New oil drops 
were now introduced and another set of readings was taken. This method enabled 
us to compare the respiration of the same group of mosquitoes under different 
conditions and within very short time intervals without additional handling. 

The respiration at atmospheric pressure in different gas mixtures was measured 
in a Warburg apparatus. ‘The cups were flushed several times with the appropriate 
gas mixture, placed in a constant temperature bath and connected to the mano- 
meters. ‘The excess pressure caused by the warm bath was released by a quick 
opening of the stop-cocks. Each cup contained five to ten insects. The cups were 
not shaken. 

\ll respiration experiments by conventional Warburg method were run at 
28°C whereas those at reduced pressure, like survival experiments in desiccators, 
were performed at ‘room temperatures’, varying between 23 and 27°C. It is not 
believed that these slight differences in temperature materially affected the results 


and thereby the validity of the conclusions drawn therefrom. 


RESULTS 
1. Behaviour of the mosquitoes at reduced pressures 


ledes aegypti mosquitoes in air still exhibit pronounced activity at pressures 
of 150-250 mm. ‘They walk, climb, and some of them even fly. Flight stops com- 
pletely at 60-100 mm Hg; at this pressure the mosquitoes sit still and many insects 
drop to the bottom of the desiccator. If at this pressure pure oxygen is used instead 
of air, the insects do not move but do not drop to the floor. At pressures of a few 
millimetres only the mosquitoes lie on their backs and swell markedly. An 
inspection made after the vacuum was released showed that they had mostly died. 
Similar observations had already been made by DeCoursty and WesstTer (1955) 
with Aedes sollicitans 


Survival of mosquitoes at reduced pressures 


Adult Aedes aegypti were kept for 4 hr at the desired pressure in air, the vacuum 
was then released and survival determined. Humidity was at first not controlled 
Survival decreased with decreasing pressure. Fisk and SHEPARD (1938) had made 


similar observations in their work concerning vacuum fumigation 
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Since, like these workers, we suspected water loss to be responsible for the 


mortality under reduced pressures, we continued these experiments at a relative 


humidity of 100 per cent by placing a layer of several centimetres of water at the 


‘TABLE | [HE EFFECT OF RELATIVE HUMID IN THE SURVIV ledes aegypti AFTER 
4 hr at )UCED PRESSURE 


100 per cent | 
Pressure 
(mm Hg) 


bottom of the desiccator. Comparative results from different humidities are given 
in ‘lable 1, and indicate that the factor of dehydration gained in importance as the 
pressure was lowered. 

The dehydration (actually the weight loss) of mosquitoes under reduced pressure 
was then measured at a constant relative humidity of 43 per cent, both in air and in 
pure oxygen (Table 2). The results indicated that weight loss, equivalent to 
dehydration, was always greater at lower oxygen tensions 

Data not given in the table show that even at 100 per cent r.h. and 100 mm Hg 
total pressure there was a weight loss of 10-12 per cent in both air and oxygen 
after 120 min. This may be due to dehydration prior to equilibrium attainment of 
the humidity, or to the slightly higher temperature of the mosquitoes with respect 
to the environment during evacuation 

lhe survival of mosquitoes at 100 mm Hg total pressure, 100 per cent r.h., was 
also greater in oxygen than in air (Table 3). Since the partial pressure due to water 
at 26° was about 25 mm Hg in each case, the oxygen tensions were 15 mm Hg in air 
and 75 mm Hg in pure oxygen. Mortality was evidently greater, at the same total 
pressure, in the medium of lower oxygen content. It was, however, still consider- 
able at 75 mm of oxygen which is about half the atmospheric oxygen tension 

j +] 


lherefore, we suspected that oxygen deficiet er than simply desiccation, 
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might be the real cause of death, and repeated the experiments at atmospheric 


pressur¢ with oxygen—nitrogen muxtures of low oxy gen tensions. 


lABLI WEIGHT LO Fe Aedes aegypti IN AIR OR OXYGEN UNDER REDUCED PRESSURES AT 


+3 PER CENT RELATIVE HUMIDITY 


Duration Per cent 


loss 


(min) 


From ‘Table 4 it may be seen that survival was very high at 1 atmosphere total 


pressure in all cases, even when the oxygen tension was as low as 15 mm Hg. 
looked dead during these exposures they recovered 


Though the mosquitoes 
Hence, we inferred that oxygen uptake must somehow be 


immediately in air. 
To clarify this point, we pro- 


interfered with at greatly reduced total pressures 
ceeded to measure the consumption of oxygen at various total pressures and at 


varied oxygen tensions 
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of each group in air was recorded for 1 hr, next the cups were flushed with the 


and then the readings were continued for another hour 


required gas mixture, 
15 min. Only groups showing a steady rate of 


Readings were taken every 


respiration were considered 
Table 5 indicates that at atmospheric pressure respiration is independent of 


At 15 mm He 


the partial pressure of oxygen down to tensions of 30 mm Hg or less. 


pO, respiration is significantly reduced, 


TED OR HA 


D PRESSURES* 


Halte 


Halte 


ipitates 


apitatea 


ip 


4. Oxygen uptake of mosquitoes in air at reduced total pressure 


The next step was to investigate the respiration at reduced total pressures. For 


reasons already mentioned, we resorted to haltere-less or decapitated specimens, 


and to the respirometer described in the experimental section. Results are given in 


Table 6 
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Even under reduced pressure, respiration did not become oxyget 
total pressures of 170-100 mm Hg were reached; i.e. between 30 
oxygen tension, the same range as had been found in oxvgen—nitrogen mixtt 
under atmospheric pressure. On the other hand, it ippeared that, once the cri 
oxygen tension had been passed, the oxygen uptake dec: much more rapidly 
under reduced total pressurs 

However, because of the great variability, in different experiments 
oxygen uptake at very low oxvgen tension, it is difficult to compare the results 
‘ables 5 and 6 and to draw from them a definite conclusion as to the effect « 
pressure as distinct from low oxygen tension. A solution to this question was f 
in the following experiment 

The oxygen uptake of decapitated mosquitoes was first measured at 100 mn 
of air. The total pressure was then brought up to atmospheric by letting 
nitrogen, so that the oxygen tension remained unaltered, and the respiratior 


measured. The results are given in Tabk 


TaBLeE 7—TuHe 
or 100 or 60 


NITROGEN MIX 


Although the 
reduced pressure, 
change im oxygen tet 
pressure hus there ts n 


pressure of oxygen availabk 


Experiments with housefly 


Similar experiments wert 


difference that the study was relatively : licated be 


locomotor activity. Decapitati 
Observations under variou 
| atmosphere are given in Tal 
duced pressures. ‘Those in Tab 
show the increase that occurs 1 


when the total pressure is rai 
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Chat the critical oxygen tension for the respiration of housefly pupae at atmos- 
pheric pressure was between 60 and 45 mm Hg is seen in Table 8. Similar values 
had been found previously for the larvae of Calliphora (FRAENKEL and HERFORD, 
1938) 


5 


8—THE RESPIRATION OF 2—3 DAY OLD PUPAE OF Musca vicina UNDER ATMOSPHERI( 
PRESSURE AT VARIOUS OXYGEN TENSIONS (28 


Percent of O Oxygen uptake (yg O,/1 F Relative uptake 
in mixture (Air 100 ) 


artial pressure O nm ait In 


\t low total pressures of air (between 270 and 100 mm Hg) the depression 
of respiration (Table 9) resembled that in the corresponding oxygen nitrogen 
mixtures. Again, as with the mosquitoes, the great variability from one group to 
another prevented a stringent comparison of the two sets of data in ‘Tables 8 and 9; 
but, during the mid-pupal period, 2-3 days after pupation, when respiration was 
lowest, the critical oxygen tensions at reduced air pressures were somewhere 
between 80 and 52 mm Hg. These values lie close enough to the corresponding 
ones of 60-45 mm Hg obtained at atmospheric pressure (Table 8) to suggest that 
oxygen tension alone was responsible for the level of respiration; yet, with still 
lower tensions of oxygen, there appears to have been a greater effect at reduced 
total pressure (‘Table 9) than at atmospheric pressure (‘Table 8) 

Ihe question was eventually solved in the corresponding manner as reported 
above for mosquitoes, in tests in which the respiration was first measured at reduc ed 
air pressures of 160 or 100 mm, and then measured again after the air in the 
desiccator was brought back to atmospheric pressure by the addition of nitrogen. 


The oxygen uptake, on re-establishing normal pressure without altering partial 


pressure of oxygen, shot up two- to almost four-fold, similar to the experiments 
with mosquitoes (Table 10). This proves unambiguously that at very low tensions 
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pressure as such, and independent of oxygen availability, depresses the respiration 


both in the mosquito and the fly pupa 


TABLE 9—THE OXYGEN UPTAKE OF Musca victna PUPAE IN AIR AT REDUCED PRESSURES 


(23-25°C)* 


Oxygen uptake (ug O,/hr/pupae) 


of 
Up 760 390 27 7 100 


mm Hg mm Hg ! mm 4 mn Hg 


12-4 


ive oxygen uptake 


‘TABLE 1 RESPIRATION OF HOUSEFLY P' AT REDUCED I PRESSURE AT 160 
100 mm Hg IN AIR, AND SUBSEQUENTL’ ATMOSPHERIC PRESS! N AN OXYGEN 
MIXTURE AT THE SAME OXYGEN TENSION, OBTAINED BY ING PURE NITROGED 


reduced pre ssure in if ati osphe ric pres 


Pre ssure (mm He 


161 
16 
LOM 


1 
ith 


The data of ‘Table 9 show the de pendence of very young (group 2) of 


(group 1) pupae on oxygen tension to be different from that of mid-stage, 


day-old pupae. In the very young and the old, the critical tension lies between 


760 and 390 mm and in the mid-pupae between 390 and 270. A similar observation 
was made by Park and Buck (1960) on Phormia regina. 1- and 5-day-old pupae 
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tended to be more sensitive to hypoxia than other ages. This is explained by the 
primitive nature and low efficiency of the pupal tracheal system, and the lower 
respiratory requirements of mid-stage pupae. Both these factors also account for 
the fact that the critical oxygen tension of fly pupae was much higher than that of 
the mosquito. In fly pupae it occurred between 760 and 390 mm or between 390 
and 270 mm, according to age (Table 9), and in the majority of measurements on 
mosquitoes below 170 mm Hg air (Table 7). We may recall here that in the case of 
the double-ligatured fly larvae respiration has been rendered inefficient to the 
extent that it becomes entirely dependent on oxygen below 100 per cent oxygen 
(FRAENKEL and Herrorp, 19338). 

Pupae used in these experiments were kept up to the emergence of the adult. 
The 100 per cent emergence which was obtained indicated that the maintenance of 
the pupae at low pressures during the experimental period did not cause any damage 
to the flies 

Fly pupae that were kept at 60-100 mm Hg (in air) also showed an increase of 


oxygen uptake when the pressure was restored to normal in air. In some cases, but 


not others, this uptake exceeded the original normal pressure value by 15-30 per 


cent, but this new peak lasted for less than 30 min so that the total uptake in the 
second period at normal pressure, if taken over a whole hour, shows little, if any, 
increase over the first. This fact probably indicates that no marked oxygen debt 
had been incurred during the low pressure period. Similar observations were 
recorded by Buck and KetsTer (1949) in the adult blow fly, working with low 


oxygen pressures at atmosph« ric pressure . 


6. The regulation of respiration in Aedes at reduced total pressures 


In order to observe the respiratory movements of mosquitoes, they were glued 
to sticks on the dorsal side of the thorax. This manipulation did not interfere with 
their ventilatory movements and allowed one to watch also the spiracular activity 
under a binocular. When the regulation of respiration at low pressures was 
studied, the following procedure was used: the decapitated mosquitoes were 
placed in a glass tube which was connected to a vacuum pump through a 1¢ 1. 
desiccator (serving as a vacuum moderator) and to a manometer. ‘The apparatus 
was then evacuated to the required pressure and the glass tube containing the 
mosquitoes placed under a binocular at a magnification of 60 or 100. The fre- 
quencies of the ventilatory movements and the spiracle opening, as well as the length 
of opening time, were determined by means of a counter and stop watch. Changes 
of the spiracular aperture were also noted. 

Several forms of what look like respiratory movements are seen in Aedes at the 
same time: (1) Peristaltic waves of the abdomen. This wave starts at the posterior 
end of the abdomen and goes forward, but the direction is often reversed. In many 
mosquitoes these movements were not observed at all, whereas others showed them 
either rhythmically or irregularly. (2) Telescopic movements of the last few 
abdominal segments. These movements appeared only in a small number of 


mosquitoes. (3) Rhythmical tergal movements. Such movements were observed 
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in almost all the mosquitoes. ‘The frequency of these movements was 170-200 per 
minute at 28°C and 120-150 at 20°C. In decapitated mosquitoes the frequency 
decreased to 120-160 at 28°C and 90-110 at 20°C. Apparently none of these 
movements changed under varying atmospheric pressures. 

The tergal movements remained constant over a very wide range of air pressures 
760-150 mm Hg (Table 11). At pressures below 60 mm Hg the insects swelled and 


the tergal movements became very shallow. 


TABLE 11—THE EFFECT OF ATMOSPHERIC PRESSURE ON THE RESPIRATORY 
ledes aegypti 


: Atmospheri , 
lemperature i No. of spiracular 
pressure 


(©) (eee Ba) openings per min 


760 
400) 
250 
150 Open permanently 
760 7 
350 12 


200 permanenth 


Open permanently 


Careful observation of the tergal movements and the heart beat at the same time 
(using JONEs’s technique, 1954) revealed that the tergal movements, which look like 
typical ventilatory movements are in fact synchronous with and caused by the 
heart beat. ‘The heart of the mosquito is attached by connective tissue filaments to 
the hypodermis of the dorsal integument and to the dorsal tracheal trunks (JONEs, 
1954). ‘Thus, when the heart beats it moves the terga (and probably helps in ventila- 
tion of the tracheae). Since the heart beat is not co-ordinated by the respiratory 
centres, these movements are not affected by the oxvgen tension: and as long as the 
oxygen supply to the heart is not very much diminished, there is no change in th 
heart beat 

‘he respiration of the mosquito is regulated solely by closing and opening of 
the spiracles. This is done in several ways (Table 11): (1) There exist rhythmical 
pulsations of spiracular openings. ‘The frequency of openings increases when the 
oxygen tension decreases i¢ spiracles are normally closed: pulsations ar¢ 
caused mainly by increased activity (e.g. flight or struggle). (2) As the result of 
oxygen deficiency, the spiracles sometimes stayed open for longer periods, even 
if the rhythm of the pulsation did not chang WIGGLESWORTH (1935), who 


1 


investigated this phenomenon in the rat flea, Xenopsylla, states, “The length of 
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time that the spiracle remains closed is more or less proportional to the oxygen 
content of the air breathed.’ He found that in environments containing less than 
l per cent oxygen the spiracles of the flea remained constantly open. We found 
1 pressure of 100-200 mm Hg (air) the spiracles of Aedes remain perman- 

(3) The spiracular aperture increases as the oxygen tension decreases, 

ng its maximum at 100-150 mm Hg (air). ‘Table 11 shows observations on 


mosquitoes to illustrate the method of recording 


DISCUSSION 


entilatory movements’ observed in Aedes aegypti are actually caused 

beats. The oxygen uptake under various total and partial gas 

res is regulated solely by changes in spiracular movements. At reduced 

gen tensions both the aperture and opening time of the spiracles increase. 

pressures of less than 4 atmosphere the spiracles stay pe rmanently open. 

lration would therefore be expected to be one major cause for mortality at 

gen tensions 

is clearly shown in the observation that at air pressures below 150 mm 

mortality at 43 per cent r.h. was about twice that at 100 per cent r.h. It was 

» corroborated by the fact that at a given low pressure dehydration was lower in 
e oxygen when the spiracles are presumably less open 

In later experiments the factor of dehydration was minimized by working at 

cent r.h. Even then lack of oxygen could not be the only cause for 

since the mortality at a given low atmospheric pressure was much 

at an equal oxygen tension obtained by an oxygen—nitrogen muixturt 

1 total pressure of 1 atmosphere. In other words, as long as the total pressur« 

ys high, mosquitoes can endure relatively low oxygen tensions, but if we attain 

tension just by decompression the mortality increases 


Sar iow oxygen 


markedly. We may conclude that not only lack of oxygen but reduced pressure 


per se causes mortality. On the other hand, the survival of mosquitoes at low 
pressures is much improved if the air is replaced by pure oxygen without altering 
the total pressure | lable 3) 

We may, then, conclude that the mortality of mosquitoes at very low pressures 
stems from at least three factors acting independently: (a) dehydration: (b) lack of 
oxygen; and (c) low pressure as such. Any one of these three factors would pre- 
sumably kill the insects even if the other factors are eliminated. 

\losquitoes were able to maintain a constant oxygen uptake down to oxygen 
tensions of about 25 mm (see, for example, Table 5) irrespective of whether this 
tension was achieved by decompression down to about 150 mm air pressure, or by 
appropriate nitrogen—oxygen mixtures of a total pressure of 1 atmosphere. While 
the survival at such low oxygen tensions depends greatly on the total pressure, 
the actual oxygen uptake of surviving mosquitoes seems to be entirely inde pendent, 
which again shows that at low pressures mosquitoes die in spite of the fact that the 
amount of oxygen present was still adequate for normal respiration. Below oxygen 


tensions of 20 mm the picture changes entirely, and the oxygen uptake becomes a 
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function of the total pressure in addition to being dependent on the oxygen 
tension. In this respect the oxygen uptake below the critical tension is very similar 
to the survival curve which also depends on the total pressure (‘Table 7). 

\ possible explanation for this dependence on the total pressure may be 
tracheal collapse caused by the nitrogen pressure present in the animal tissue 
A collapse of tracheae has been observed in insects under different sets of circum- 


stances, as in mosquito larvae kept in oxygenated water (BABAK, 1912), and in fly 


larvae with stopped spiracles in oxygenated water (Buck and Keister, 1956) 


Both these phenomena were explained by the latter authors as being caused by 
diffusion processes. In our case of adult mosquitoes submitted to very low pressures 
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In South Africa, the blue tick, Boophilus decoloratus Koch, which had been 
effectively controlled for approximately 40 years with sodium arsenite preparations 
was shown in 1939 to have developed resistance to arsenic (DU Tort et al., 1941). 
The increase in tolerance to arsenite in the resistant strain was approximately 
four-fold. ‘This was sufficient to preclude the use of sodium arsenite as a control 
measurt 

Having both arsenic-resistant and arsenic-sensitive strains of the blue tick 
simultaneously available presented an opportunity for the investigation of possible 
differences in sulphydryl level in the two strains. In initial investigations of eggs 
from arsenic-resistant and arsenic-sensitive ticks it was found that eggs from the 
resistant strain contained slightly more than twice the SH radicle than did eggs 
from the sensitive strain (THOMPSON and JOHNSTON, 19538). 

In arsenic-resistant and arsenic-sensitive larvae HARINGTON (1959) found that 
the levels of reduced glutathione, free sulphydryl, cysteine, and cystine were 
significantly higher in the resistant strain than in the sensitive strain. It is known 
that the sulphydryl balance in tissues does vary in concentration in relation to 
growth (Mazia, 1954). In the work of ‘THOMPSON and JOHNSTON (1958) and of 
HARINGTON (1959) the concentration of SH compounds were compared in 
eggs and larvae of As-resistant and As-sensitive ticks of approximately the same 
age. ROULSTON and SCHUNTNER (1960) found that the sulphydryl content of 
embryos of Boophilus microplus (Cannestrini) from Australia increased as much as 
five-fold over a period of 7 days. As the stage of development might have a very 
marked influence on —SH levels, it was decided to compare free sulphydryl and 
glutathione content of eggs from resistant and sensitive ticks at intervals from 


oviposition through hatching until larvae were approximately 30 days old 


MATERIALS AND METHODS 
Supply of tick material 


Field collections of arsenic-resistant ticks were made from range cattle in the 
East London district and despatched by air to this laboratory. Arsenic-sensitive 
ticks were collected from cattle arriving at the Johannesburg abattoir. ‘Tests for 
susceptibility to sodium arsenite were carried out on the batches of adult ticks 
immediately they were received. In all, two batches of resistant and two of sensitive 
ticks numbering between 500 and 1000 fully engorged adult females per batch 
were obtained. 

Groups of twenty ticks were placed in glass tubes, loosely stoppered with cotton 
wool, and stored in a constant temperature room at 25°C and 80 per cent r.h. The 
fully engorged adult female blue tick in optimal conditions commences oviposition 
7 days after dropping from the host. Egg-laying is completed in 7 days and a total 
of approximately 5000 eggs per individual female are produced. 


Determinations of glutathione and free sulphydryl were carried out every 


second or third day as convenient, commencing 5 days after the start of oviposition 
and continuing until the supply of ticks was exhausted. 
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Determination of reduced glutathione 
One gram of tick eggs or larvae was ground to a homogeneous state with 2 ml 
of 3°, thiosalicylic acid in a small pestle and mortar. ‘To facilitate the handling 


of larvae it was necessary to freeze them in a refrigerator for 15 min. The homo- 


genate was transferred without loss to centrifuge tubes and neutralized with 0-5 ml 
of 0-8 M NaHCO, for every 2 ml of thiosalicylic acid used. ‘The volume was made 
up to 5 ml with distilled water. The extracts were centrifuged for 15 min at 


3000 rev/min. Aliquots of the supernatant measuring 0-5 ml each replicated three 
times were assayed for reduced glutathione by the glyaxylase-manometric method 


of Woopwarp (1935) 


Results of sequential determinations of glutathione 
Determinations were carried out on resistant and sensitive tick eggs or larva 
) 
on the same day. The results which are in two series—one commenced 2 months 


before the other—are presented in Fig. | 
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The results indicate that between 15 and 20 days after oviposition, eggs of 
arsenic-resistant ticks differ from those of the sensitive strain in that the glutathione 
level is approximately twice as high. After hatching the glutathione levels increased 


sharply in both strains but more markedly in the resistant strain. The rate of 


increase was greatest in the resistant strain. "—[welve days after commencement 
of hatching the glutathione level appeared to stabilize in both strains, and at this 
stage the resistant strain contained approximately three times as much glutathione 


as the arsenic-sensitive strain 


Determination of free sulphydryl 


One gram of tick eggs or larvae was ground in a pestle and mortar with 2 ml 
5° thiosalicylic acid. To facilitate grinding, particularly of larvae, 1 g of purified 
sea sand was added. After the grinding process was complete a further 2 ml 5 
thiosalicylic acid was added to the homogenate and allowed to stand for 30 min. 
The deproteinized homogenate was then filtered through a vacuum filter and the 
filtrate made up to 25 ml in a volumetric flask. Free sulphydryl determinations 
were carried out on 5 ml aliquots of the filtrate using the ferricyanide method 
of SNELL and SNELL (1953). Optical density measurements at a wavelength of 


700 my were made on a Unicam spectrophotometer. 


Results of sequential determinations of free sulphydryl 


Determinations of free sulphydryl were carried out at the same time but on 
different samples of the same series of arsenic-resistant and arsenic-sensitive tick 
eggs or larvae as were used for glutathione determinations (Fig. 2) 

The sequential determinations showed a gradual increase of free sulphydryl 
in both resistant and sensitive strains as embryonic development proceeded. 
Viaximum SH level was attained approximately 10 days after hatching 

The determinations of —SH carried out on each of two series were not identical. 


lay after commencement of ovi- 


However, from approximately the twentieth « 
position the resistant strains of tick in both series contained higher levels of free 


sulphydryl than the sensitive strain 


Inhibition of —SH compounds 


‘he results of work by ‘THOMPSON and JOHNSTON (1958), HARINGTON (1959), 
and those presented in this paper have all shown that the arsenic-resistant strain of 
B. decoloratus in South Africa has a higher level of general sulphydryl than the 
sensitive strain. In pursuit of a practical means of controlling the arsenic-resistant 
strain a number of known SH inhibiting materials were obtained, and their 
toxicity alone and in combination with sodium arsenite was examined against 
both resistant and sensitive ticks. The investigations were undertaken using an 
established immersion technique (WHITEHEAD, 1958). Batches of adult fully 
engorged female ticks were dipped in dilutions of the SH inhibitor and allowed 
to drain for 30 min. ‘They were then redipped in solutions of varying concentrations 
of sodium arsenite. After draining, they were placed in glass tubes stoppered with 
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cotton wool and stored at 25°C and 80 per cent r.h. The effect of the 
inhibitors was judged on a basis of the viability of egg batches produced (Fig 


Monotodoacetic acid 
At 0-5°., iodoacetic acid was moderately toxic to the arsenic-sensitive tick but 
less toxic to the resistant strain. lIodoacetic acid appeared to potentiate the effect 


of the four concentrations of sodium arsenite in respect of both strains 


w-Bromoacetophenone 
At 0-5°,, bromoacetophenone was toxic to the arsenic-sensitive strain but had 
no effect on the resistant strain. In combination with sodium arsenite on sensitive 


ticks the toxic effect of arsenic was increased. Bromoacetophenone at 0-5 


appeared to enhance the toxic effect of 0-32°,, As,O, but had no effect wit! 


concentrations of sodium arsenite 


n-n-Butyl maleimide 
N-n-Butyl maleimide at 0-5 was slightly more toxic to arsenic-sensitive ticks 
than it was to the resistant strain In combination with sodium arsenite toxicity 


to both strains appeared higher than when either was used individually 
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lodoacetamide 

At 0-5°, iodoacetamide was slightly toxic to both strains of tick. In combination 
with sodium arsenite at low concentrations on arsenic-sensitive ticks it showed 
slightly increased toxicity but resulted in reduced toxicity at high concentrations 
of arsenic. lodoacetamide in combination with arsenic appeared to have had no 
effect on the toxicity of arsenic in respect of the arsenic-resistant strain. 


Triethyl tin hydroxide 

Triethyl tin hydroxide at 0-5 was slightly more effective on the arsenic- 
sensitive than on the arsenic-resistant strain. In combination it potentiated the 
effect of sodium arsenite in respect of resistant and sensitive strains. 


Ethyl chloroacetate 
At 0-5! ethylchloroacetate had little effect on arsenic-sensitive or arsenic- 
resistant ticks but in combination with sodium arsenite increased toxicity in 


respect of both strains. 


w-Chloroace tophe none 

At 0-5°,, chloroacetophenone was slightly toxic to arsenic-sensitive ticks but was 
considerably less toxic to the resistant strain. Chloroacetophenone increased the 
toxicity of sodium arsenite in respect of the arsenic-resistant strain but not with 


the arsenic-sensitive strain 


1-Chloro-2,4-dinitrobenzene 


At O-5 1-chloro-2,4-dinitrobenzene had no effect on arsenic-resistant o1 
sensitive ticks. At the same concentration in combination with a range of arsenic 
concentrations 1-chloro-2,4-dinitrobenzene enhanced the toxic effect of arsenix 


in respect of the As-resistant strain but not with the arsenic-sensitive strain 


Cetvlbromoacetate 


\t 0-5°,, cetylbromoacetate gave a complete kill of arsenic-sensitive ticks but 


only 35 per cent kill of arsenic-resistant ticks. In combination with sodium 
| 


arsenite there was no indication of a potentiation of the toxicity of arsenic 


M-Nitrobenzazide 

At 0-5 M-nitrobenzazide had very little effect on either arsenic-sensitive or 
arsenic-resistant strains. In combination with concentrations of sodium arsenite 
it enhanced the effect of arsenic in respect of the arsenic-resistant strain but not in 


respect of the sensitive strain 


3- Nitro-4-chlorobe nzotrifluoride 
At 0-5 3-nitro-4-chlorobenzotrifluoride was more toxic to arsenic-sensitive 
than arsenic-resistant ticks. In combination with sodium arsenite it depressed 


the toxic effect of arsenic on the sensitive strain but not on the resistant strain 
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DISCUSSION 

Chemical determinations have consistently shown that several sulphydryl 

compounds are to be found in greater concentration in the strains of B. decoloratus 

vhich are resistant to sodium arsenite than in the arsenic-sensitive strain. In 

\ustralia no such differences could be detected in embryos of arsenic-resistant 

ind susceptible B. microplus (ROULSTON and SCHUNTNER, 1960). In all instances, 

leterminations of sulphydryl compounds on B. decoloratus have been undertaken 

irsenic-resistant tick material from the coastal area around East London. All 

tick material was obtained in the vicinity of Johannesburg, 

700 miles distant from East London. It cannot be excluded that 

in sulphydryl level is correlated with geographical distribution 

resistance to sodium arsenite. Elucidation of this would depend on 

nination of SH in resistant and sensitive strains of tick from the same 

nvironment. However, this presents practical difficulties in South Africa as the 

irsenic susceptible strain can no longer be found in the East London area and the 

nic-resistant strain does not occur outside a relatively narrow belt along the 
coast 

\dditional support for the theory that arsenic resistance is a result of increased 


Cl 


els of sulphydryl was obtained from the effects of SH inhibiting compounds 


resistant and -sensitive adult ticks. Used at a concentration of 0-5°,, 
acid, w-bromoacetophenone, N-n-butyl maleimide, triethyl tin hydroxide 
oroacetophenone (Fig. 3) were more toxic to the arsenic-sensitive strain 

arsenic-resistant strait [his cross-resistance to sulphydryl inhibitors 


esistance to arsenic suggests that the toxic action of sodium arsenite 


r 


iated with sulphydn | groups Assuming this, it follows that the effect of a 
ium arsenite with any of the above SH inhibitors should 


reased toxicity 1 ct of both arsenic-resistant and susceptibl 
yphenone, N-n-butyl maleimide, triethyl tin 
chloroacetoy one, 1-chloro-2,4-dinitro- 

nbination with sodium 


or the particular SH 
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OOCYTE DEVELOPMENT IN DIPLOPTERA PUNCTATA 
(ESCHSCHOLTZ) (BLAT'TARIA) 


M. ROTH* and BARBARA STAY 
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INTRODUCTION 

\MONG the species of cockroaches that incubate their eggs in a brood sac or uterus, 
Diploptera punctata is the most highly evolved from the standpoint of viviparity 
(RotH and WILLIs, 1958). It is the only known cockroach in which the developing 
embryos rive nourishment, other than yolk or water, from the female. ‘The 

ind number of eggs make it possible for the female, during oviposition, 
to transfer the odtheca into her brood sac without exposing the majority of eggs 
outside her body (RotH and Wi.is, 1955). Oviposition by ‘ovoviviparous’ 
cockroaches is similar to that of oviparous forms, except that in the latter, the 
oétheca is deposited outside the body of the female on the substrate (RoTH and 
Wituis, 1954). Morphologically, the reproductive system of Diploptera is com- 
parable to that of oviparous cockroaches, although some of the structures in 
the former have become modified with its altered physiology (HAGAN, 1941). Like 
other species of Blattaria that incubate their eggs internally, Diploptera has two 
birth products, the egg and larva (RoTH and WILLIs, 1958). When we speak of 
ovulation or oviposition we refer to the eggs being released from the ovaries, 
oriented in two rows and covered by the odtheca. By parturition we mean the 


birth of larvae following a period of pregnancy or gestation in the uterus 


| .aboratori United Fruit Company, Norwood 





MENT IN ; PRA ; ' H 


lhe brain of virgin females of D punctata inhibits the corpora allata, anc 
consequently, maturation of the odcytes is delayed or prevented. Mating stin 
from the genital region, transmitted via the nerve cord to the brain. activate the 
corpora allata, and the odcytes mature. During pregnancy, growth of the odcytes 
is again inhibited as a result of a nervous factor, and possibly a chemical substance, 
originating from the developing uterine eggs 
activity of the corpora allata. Stimuli « 
and during parturition are beli 
1959. 1960) 

In this paper w 

respects our data art 


some of the mechanisms 


MATERIALS AND METHODS 

lhe insects were fed dog chow checkers and kept at 
cent relative humidity. ENGELMANN (1 ) has showr 
growth of the odcytes are correlated with and d pendent 
corpora illata We have used o velopment is al 
activit \leasurements were n of odcytes and uterine egg 
from ovaries or oéthecae in Ringer’s solution. The basal odcy 
tairly uniform in size and only one odcyte per female was measure: 

sizes of odcytes at different st wes I! 

es was dissected: the differences in siz 
ive a more reliable picture of the variatior 
measured in a relatively small sample of females 


out on insects kept under carbon dioxide a 


TS AND DISCUSSION 
The Ovarian CVCle 
‘he sizes of odcyt 
following parturition 
the second oviposition 
odcytes grow from about 0-551 


occurs Our measurements of the odcytes were 


| NGELMANN [his discrepancy is probably due 


measuring them. whereas we dissected and n 


During the first 19 davs the of« 


1); some of the maximum values may represen 


the usual amount of deve lopme nt occurred de spite the 
mean values the odcvtes of virg! females vary fro 


0-02 mm The odcytes of some irgin females, for 


1 separa 


develop, and ovulation may eventually occur. ‘These are plott 
not combined with the ilues of undeve loped oécvtes 
, 


we found that had well-dev: lope d odcytes were 20 and 
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and the first female examined that had an oétheca was 30 days old. Of 394 virgin 


females examined between the ages of 11 and 172 days (the data beyond 125 days 


not plotted in Fig. 1), only 36 (9 per cent) had oviposited and 15 had oédcytes 


OOCYTE DEVELOPMENT IN Diploptera punctata 


llowing parturitior 


or determir ing eac h mean value 


were used for 


und 5.1 tandard error 
at were definitely developed and larger than the maximum values for virgin 
females shown in ‘Table 1. ENGELMANN found 1 virgin female which ovulated in 
37 days, 8 others in 60 days, and 13 in 2—5 months. After mating, which normally 
occurs shortly after the female emerges and is still white and teneral (ROTH and 
WILLIs, 1955), the odcytes mature rapidly and oviposition occurs 10-15 days later 
(‘Table 1). Mature odcytes may be as large as 1-88 mm but average 1-78 + 0-02 mm. 


During gestation, the basal odcytes increase from about 0-40 mm (at ovulation) 


t 


to 1-04 + 0-04 mm at parturition, and ovulation occurs again in about 7 days after 


birth of young. In our series of females, parturition occurred 99-110 days 
(103+0-8; A 12) after oviposition. Except for differences in the size of the 
odcytes and the time interval of pregnancy (probably due to a difference in tempera- 


ture) our results are similar to ENGELMANN’s. 
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Starved mated Diploptera mature their odcytes in about the normal period of 
time (ENGELMANN, 1960). We starved 10 mated females without water, and they 
all oviposited in an average of 12-4+ 0-5 days. ‘Twenty mated females starved with 
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he values for mated fer 


1 repre 


wat r oviposited on an average ot 11-6+ 0-1 days. Mated, fed, 


oviposited in 12-4+0-2 days (A 35). Thus, neither food nor 
for stimulation of odcyte development in Diploptera 


Effect of implanting corpora allata into allatectomized females 
Allatectomized mated females do not produce oéthecae. Four mated fen 

were allatectomized at 1 day of age. After 5 and 6 months these females were sti 
carrying spermatophores and had not produced oéthecac ‘wo pairs of corpora 
allata from mated females were implanted into these females, 5 and 6 months after 
allatectomy. ‘Iwo females did not produce odthecae, but their spermatophores 
were loosened and dropped, and their ovaries contained developed (1-51 mm) and 
degenerating eggs when examined at death of the animals 2—3 months after the 
implants. ‘I'wo females produced oéthecae 9-12 days after the implants and several 
obdthecae subsequently One of these females produced five odthecae in a period 
of 6 months and then no more until her death at 16 months of age. ‘The other 
female produced three odthecae in 6 months and no more until death at 12 months 
of age. Although the females were mated before allatectomy the embryos did not 
develop in the odthecae which were produced under influence of implanted 


corpora allata after 5 and 6 months of allatectomy. Possibly the corpora allata are 
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also necessary for the maintenance of sperm in the spermathecae. A mated female, 
allatectomized at 1 day of age, received immediately an implant of three corpora 
allata. She oviposited at 9 days of age and the young were born after about 4 
months. The eggs in the next oétheca, which she produced 4 months later, also 
developed, but the female died before the young were born. 

Our observations confirm ENGELMANN’s (1959, 1960) findings that the corpora 
allata are necessary for the release of the spermatophore and for the maturation of 


eggs in D punctata 


Effect of implanting corpora allata into virgin females 

‘he effect of mating can be mimicked by implanting corpora allata from mated 
females into virgins. Four virgin females received implants of corpora allata—less 
than | day after metamorphosing and all oviposited between 9 and 15 days following 
implantation. Subsequently three of the virgin females produced from two to five 
obthecae on the average of one every 5 weeks. ENGELMANN (1960) studied the 


effect of implanting corpora allata into pregnant Leucophaea maderae (}.) and 


found that isolated active corpora allata could stimulate as many as five egg 
maturations within 8 months. Our experiments with implantation of active 
corpora allata into virgin females of D. punctata show that, also in this species, 
isolated corpora allata are capable of stimulating the maturation of several batches 


of eggs in a much shorter time than would occur normally in a mated female. 


Vating and odcyte development 

\ series of experiments was performed to determine the importance of different 
parts of the copulatory act in stimulating odécyte development. ‘The effect of 
interrupting mating prior to transfer of the spermatophore was investigated. ‘lwo 
methods of separating the mating pair were used. In the first, the male and 
female were manually separated by simply pulling them apart. When this was 
done and observed under the microscope, it was seen that the genital region of the 
female, which was clasped by the male’s phallomere, was pulled out and stretched 
before the male released his hold. In the second method the pair was anaesthetized 
with carbon dioxide, and the male slowly released his hold so that no undue pressure 
was applied to the female’s genital region 

Che effect of interrupting mating on subsequent development of the odcytes 
is shown in ‘Table 2. Of the 39 females that were separated from males while im 
copula, but prior to transfer of the spermatophore, 31 (80 per cent) showed no 
development of odcytes other than what might be found in virgins; 1 female that 
was joined to a male for 6 hr also failed to deve lop her odcytes. Of the 8 positive 
cases 2 oviposited and 6 had odcytes that had developed but were smaller than 
one finds in mated females of the same age. In contrast, odcytes in females that 
have spermatophores inserted in the bursa during mating almost invariably 
de ve lop (see be low ) 

Stay and Roru (1958) found that two factors influence the duration of copula- 
tion in Diploptera—age and time since previous copulation. Males younger than 


2() days take longer to complete copulation than older individuals; males 20-35 
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days of age complete copulation in an average of 30-33 min. The duration may be 
greatly prolonged if males mate a second time shortly after the first. It appears 
from ‘Table 2 that it is not necessarily the length of time a pair is im copula that is 


‘TABLE 2—EFFECT OF INTERRUPTING MATING OF Dtploptera punctata 


PRIOR TO SPERMATOPHORI TRANSFER, ON SUBSEQUENT /EVELOPMENT OF 
THE OOF rES 


"Time spent 
in copula* 


{mir 


meparat d by anaesthesia 


10—30 


= 


Separated manually 


»39 P 72 OO, 


360 1-67 


27-35 1-14+0-41 


* Females mated on the 
take about 30 min to mate (STAY 
In this and the f« llowing tabl 
Ihe male used with this fen 
no permatophore had been transferre 
§ When eparated from the male 


on her o Ipositor this female had the 


of prime importance in stimulating the development of the odcytes, but some 
other factor in the mating act—perhaps the insertion of the spermatophore or its 
presence in the bursa 

The effect of removing the spermatophore from females at various times after 
mating is shown in Table 3. All of the females oviposited and the results indicat 
that once the spermatophore has been inserted into the bursa, the oécytes develop 
and ovulation occurs in the normal period of time. This was true even when the 
spermatophore was removed after the mating pair had just separated. Apparently 
it took about 5 hr for sperm to migrate into the spermathecae since uterine eggs 
failed to develop when the spermatophore was removed earlier than this. It seems 
that stimulation resulting from mating becomes effective during the act of sperma- 
tophore transfer, or at the time the male releases the female after the spermatophor« 
has been inserted into the bursa copulatrix 

To determine the relative importance of spermatophore transfer and normal 
release of the female by the male after completion of copulation, females wer« 
mated to males lacking accessory glands so that no spermatophore was transferred 


For controls, females were mated to males lacking testes. ‘The results are shown in 


Table 4. Stimulation of the corpora allata in females mated to males lacking 
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accessory glands is not as effective as that resulting when females are mated to males 
lacking testes. Only 6 of the 26 females mated to males lacking accessory glands 
oviposited by the fourteenth day; 11 dissected 10-15 days after mating had odcytes 


that were comparable in size to those of 6-day-old mated females, and 9 failed to 


develop their odcytes. In contrast, of the 41 females mated to males lacking testes, 


lABLI 3—EFFECT OF REMOVING SPERMATOPHORES FROM 
Diploptera punctata, AT DIFFERENT TIMES AFTER MATING, ON 
SUBSEQUENT DEVELOPMENT OF THE OOCYTES 


‘Time after mating "Time Development 


spermatophore was to oviposit ) iterine egygs 


removed from female i ) (+ or 





IEVELOPMI I 


35 oviposited, 5 had odcytes abs 


yut the size of thos 


mated fe males 8 days 
and only 1 failed to develop its odcytes 


Vid, 


Insertion of the spermatophore by the male en! 


nhances stimulation of the cx rpora 
allata. However, mating alone. provi it is allowed to go to ‘con pletion’, i. 
until the male voluntarily releases the female (even th ugh no spern atophore is 
transferred), may result in sufficient stimulation for son females to mature their 


oécytes. It was often noted that just 


yu 
would move his abdomen from 


ryry ] 


prior to the n ale’s re lease of the fen ale he 
side to side which may be 


an a ided stimulus 
addition to spermatophore transfer 


Che question may be 


triggering action at the time of sperm: 
by the male, or whether further stimula 
is completed, is needed for maturation of 


nerve cords of females wer: severed before 


13 





lable 5. As ENGELMANN (1959) found, severing the nerve 


nts oocvt at Ve lopme mnt Howe ver, severing the nerve 


r 


to the eighth day after mating re sulted, in some Cases, 1n a cessation of 


lopment or only i slight inc ‘ oocyt lengths (cf lables 5 and 1) 

8 davs after mating, the eggs continued to 

ed in the normal period of time. ENGELMANN 

the corpora allata increases during the first 

itv is reached 4 days after mating. ‘The 

days. It appears from our 

ictivity of th corpora allata 

ilation from the genital region 

maturation In Leucophaea, 
cord remains intact for 

rgests that this indicates that 


mechanism. It is possibl 


ilts in nervous 


Diploptera res 

Even though ren oval of the 

ot prevent odcyte deve lopment 

aterial from the male is left in 

ind also that the fe mal had 

itophors However, females 

though no spermatophore is transferred 

a normal mating) which indicates that 
Spermatophore transfer may be a 
clasping of the female’s ge nital region 

of male accessory gland material to 

as ineftective as a stin ulus to odcyte 

ile out possible chemical stimulation as a 
¥ mating persists in Diploptera 


spermatophors s’ into the bursa copulatrix 


it 5 of the & fen iles had be gun to de posit volk in 


A 


operations (17-26 days after emergence) Ihe 
cut as controls (mean le neth 
0-04 mm) He sugg¢ sted 

smooth to afford sufficient stimulation 

ast up to several hours during which time the 
ore efficient stimulation of the genital apparatus 
1 smooth artificial glass spermatophore > We 

ne a pair is im copula is not the 

Insertion of the spermatophore into the bursa 
ment of the male at about the time he releases 


g the act appear to be important in maximum stimulation 





; 
ae posite a 
I sperm 


plied to o1 
to oviposit 





of ‘stimulation’ of the 
Positive and negative 

is evident that odcyt 
types ot mechanical 

ull ar¢ thos which 
moistened spermatophores) 
ire on the bursa is involved 
moving the three pairs of 
n the oécytes after a few 
ovipositor probably wer« 
ulted in activation of 
receptors on the gonapo 
, therefore, 

mated and 

5 He theretore 

ther parts of the 

ve confirmed 

trom cutting 

more or less 

However, thes« 

nulation in the 

in some ten ales It is not 
methods listed in Table 6 and 


ceptors that receive the mating 


ie of Diploptera, and 
Lhirt nve idult 
} completely lacking 
ally and 6 lacked 
without inserting them in the 
v. and the othe1 
18 and 1-53 mm 
d ovipositors (som 
ViIposit dw ithin 2 weeks 
ed normal after regenerating 
iles that lack« d ovipositors 
gin females when 
that the gonapophyses are 
e stimulation during mating. That males can 


ipositors il dicates that these structures are not net ded 


ales lacking 


However, since the spermatophores were not 


red properly to some of the operated females, it may be that the ovipositor 


1ids in the proper orientation of the male during copulation so that the spermato- 


can be inserted normally into the bursa. Cutting off the ovipositor may 





result in oécy 
receptors ir) 

\ caretul 
copulation 
(CHOPARD, 19] 


implicated in ty 


the receptors for 


VIOT perl ‘ 


\) additior 
formed anot 
required for eg 
to that observed 
pe riod of pregna 
the odtheca. and 
toa humo 

We rem 
I'wenty thre. 
has been found i; 
the odtheca whe; 


anothe r eve case (| 
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the more rapid was the renewed growth of the odcytes and this growth was more 


rapid than occurs in virgins (if it occurs); only 2 virgin females oviposited and 


others had well-developed odcytes within 64 days after emergence (Fig. 1). Of 
the ther females that had not ovulated, 9 had well-developed odcytes (1-544 
0-03 mm) 11—59 days after the odthecae were removed; 3 of these 9 females whose 
odthecae were 82 and 95 days old when removed had oécytes which averaged 
1-51 mm 11—13 days after removal. Eighteen females showed little or no odcyte 
elopment (0-70 + 0-02 mm) 52-64 days after removal of their o6thecae; in 15 of 
females the ojthecae were removed less than 1-12 days after onset of preg- 
and 3 had the egg cases removed 24 or 42 days after oviposition. 
[lo determine whether inhibition of the odcytes by the uterine eggs during 
is due to nervous or humoral factors, 12 pregnant females (histories 
were taken from cultures and their nerve cords severed; in addition, 
| female had her cord severed 6 days after oviposition. ‘The females were dissected 
at various periods after the operation, or they were kept until parturition occurred 
and their oécytes were measured. The lengths of the uterine embryos of those 
females that were dissected prior to parturition were also determined. ‘The results 
are shown in Fig. 3. For comparative purposes the relationship of odcyte size to 
nbryos of increasing length in normal females is given. ‘Twelve of the 13 operated 
es showed a marked growth of the odcytes. The 6 females that had their 
ve cords severed 11-18 days before parturition had mature odcytes (1-73 4 
0-4 mm) when they gave birth, matured in spite of the presence of an oétheca in 
the uterus. It is evident that cutting the nerve cord in these pregnant females 
caused the corpora allata to become active, indicating that inhibition is due to a 
nervous stimulus as it isin Blattella and Pycnoscelus (RoTH and Stay, 1959, 1961a, b). 

ENGELMANN (1960) severed the nerve cord of Diploptera females 2 days after 
ovulation and found that no oécyte development occurred in 30 days. Eight 
pregnant females that had their cords severed 30-40 days after ovulation also 
showed no oécyte development 8-24 days later. However, 12 of 14 animals operated 

50-75 da 


( 927 
r 


vs after ovulation began to mature their eggs within 27 days. He 
con d that some nervous component is involved in inhibiting the corpora 
ullata during gestation, but perhaps only during the last phase of pregnancy, and 
perhaps during late pregnancy the female is more sensitive and, therefore, more 

idily activated 

One of our females (numeral 60 attached to open circle in Fig. 3) whose cord 
vas cut 6 days after oviposition had almost mature odcytes when examined 60 days 
later; this is roughly the time one would expect for another odtheca to be formed 
if the first one is removed 6 davs after ovulation (Fig. 2). From the size of the 
embryos it is possible to estimate the length of time the other 11 females were 
pregnant when their nerve cords were severed (based on unpublished measurements 
of known-aged embryos). ‘The estimated length of time these females were pregnant 
when their cords were severed was as follows (the numbers in parentheses refer to 
those shown attached to open circles in Fig. 3, reading from left to right); (23) = 32 


days: (19) 50 days; (14) 55 davs:; (19) 50 davs: (23) 70 davs. The 6 
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females that gave birth had their nerve cords severed about 85—92 days after ovi- 
position (based on a mean gestation period of 103 days). These results indicate that 


nervous inhibition operates over a wide period in pregnancy, actually from at least 


+} 


r ina the ¢« 


f Diploptera punct 


measurement 


in each odth 

Ihe historic 
represent recentl 
ready to give birth 
those femal 

» these « 

oocytes 

6 days after 

he lengths 

but are plotte 


Wixuis, 1955) 


as early as 6 days after ovulation. It is probable that had ENGELMANN waited a 
longer period than 30 days after nerve severance of femal the early stag 
of pregnancy, the odcytes would have matured prior t 

for gestation (about 75 days under his conditions) 

ENGELMANN (1959) found that the corpora allata become active shortly befor¢ 
parturition and reach a peak of activity on the second or third day after parturition 
Consequently, yolk deposition in the odcytes begins on the second or thir 
before birth, and at parturition the basal oécytes are about the size of those of a 
3-day-old mated female; thus the tim«e required for the odcytes to mature, following 
parturition, is about 3 days less than for the first ovulation following mating (Fig. 1). 
ENGELMANN suggests that the ds position of yolk in the odcytes prior to parturition 


is due to the rhythmical contraction of the abdomen during the later davs of 
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ements of the egg case in the genital apparatus 

ity of the corpora allata before parturition.’ 
egments with cement 2-8 days prior to parturition 
restation pt riod of 103 days), we prevent d 15 females 
after birth theoretically should have occurred, 
ere measured. In most of the 
at termination of the experiment 
had odcytes smaller than thos« 
ut tl ize of those at parturition 
large as those found in females 
Since parturition may occur 99-110 
when these females would normally have 


odécytes had continued to grow in 10 females 


nulus to odcyte develop- 
ales 2-10 days before 
timulating the genital 
d their odcytes in 10-21 


due to maturation having 


ind he suggest d that 


ement of the 
ENGELMANN also stated 


‘that parturition as such 
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is a stimulus to the corpora allata since these females did not respond immediately 
after gentle removal of the egg case’ 

Our experiments on severing the nerve cord of females do not support 
ENGELMANN’s hypothesis. If the cord is severed 11-18 days prior to parturition, 
the odcytes may mature by the time the female gives birth (Fig. 3). This indicates 
that the inhibition of the odcytes during pregnancy is under nervous control at 
this time. It also is evidence against the hypothesis that movement of the egg case 
prior to parturition, and also that parturition itself, stimulates the corpora allata; 
a severed nerve cord would prevent the transmission of such stimuli to the brain 

he fact that the corpora allata did not respond ‘immediately’ after gentk 
removal of the egg case in ENGELMANN’s experiments is not evidence that 
parturition stimulates the corpora allata. ‘The rapidity with which the corpora 
allata respond (as measured by odcyte development or maturation) to removal of 
the odtheca varies with the stage of pregnancy at the time of removal of the egg 
case. This inverse relationship between the time required for a second ovulation 
and the age of the first o6theca when removed from the uterus (Fig. 2) may be du 
in part to the fact that the odcytes are smaller during the early days of pregnancy 
(Fig. 1) and therefore take longer to mature. ENGELMANN (1959) found that when 
the odtheca was removed at about the middle of the gestation period and the female 
was mated within 4—6 days later, the odcytes matured in about 9 days; when the 
oétheca was removed and the female was not subsequently mated, ovulation 
occurred in about 41 days. Removing the odtheca obviously differs in its effect 
from mating, and one may interpret this to mean that in the former operation on« 
is simply removing an inhibitory factor whereas in the latter the corpora allata 
are being stimulated to greater activity. As ENGELMANN suggested, the corpora allata 
apparently respond more readily in the later stages of pregnancy when inhibition 
(by the odtheca) is removed. Since inhibition during most of the gestation period 
is due to nervous stimuli, and mechano- or pressure-receptors are probably involved 
in transmitting stimuli from the stretched uterus (as the embryos increase tr 
mendously in size; RotH and Wixtis, 1955, 1958), it is conceivable that the 
receptors eventually become adapted during late pregnancy. Or adaptation occurs 


in the central nervous system rather than in the sense organs (V. G. DETHIER, 


personal communication). Several days before parturition, adaptation may reach 


a state where inhibition of the corpora allata is markedly reduced, the glands 


begin to secrete, and the oocyt mature Activity of the corpora allata continues or 


increases when the inhibition is completely removed as a result of birth of the young 


] ! 
Birth does not necessarily afford additional stimulation, for the odcytes continu 


to develop even though parturition is prevented experimentally 


ledgement Lhe 


\Iap 
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Abstract—A comple 

is described It pro 

the functioning of the 


INTRODUCTION 


SINCE the construction of an activity recorder working with infra-red light (Brown, 


1959) further development has resulted in a greatly improved system which is 


coupled to an Evershed and \ ignoles twelve -pen recorder. The chart drive of the 


recorder is arranged to provide time pulses at 4 or 1 hr intervals. These signals 
are counted by a timing circuit which can switch lamps on and off over a wide 
range of cycle times, the on and off periods being recorded on the chart The 
experimental chambers are temperature controlled, and a monitoring system gives 
warning if the variations of the temperature in any chamber exceed the required 


limits 


ACTIVITY RECORDER 


his may be divided, for description, into three parts—the light source, the 


detecting head, and the power unit 


Light source 
Ihe light source contains a 3-5 V, 0-3 A torch bulb run at low voltage. It 


takes the form of a 1 in. diameter tube (Fig. 1), which carries a simple lens of about 


2 in. focal length to produce a parallel beam of light Jetween the lamp and the 


le ns 18 an Ilford 207 filter whi h allows only the deep re d and longer wave le ngths 


1) 4 





ind in series with the lamp is a 25 Q variabl 
amount of li to be adjusted to the 
lar situation. Normally the lamp is run at about 


so its heating effect is negligibl 


j 


contains the photocell and amplifier, and couples 
the light source it 1 1 in. diameter tubs Lhe 


( P71 phototransistor which 


easurement point ts pro’ ided 


nt of units can be carried out 


he amplifier (Fig. 2) has one V10/30A 


71 transistor connected as an emitter follower. The current from this stage 
first transistor 1s held in a low current condition 
When a pulse due to an interruption of the light beam is fed to it, a current pulse 
irises. ‘his current is amplified to about 40 mA in the collector of the OC72 and 
operates one of the pens in the recorder. ‘The assembly of the phototransistor and 
amplifier is shown in Fig. 3. After assembly the whole unit is imbedded in paraffin 


War 


Power supply unit 

Chis unit (Fig des 1/7 ip to 250 mA for the amplifiers, and 35 \ 
for the lamps itton switch in the lamp circuit allows the lamps to be 
momentaril\ letecting heads should then move their pens, 


iting correct functioning 


N RECORDER 
lhe recorder is a stat ! ype with twelve magnetically operated pens, and a 
chart speed of 1 in/hr is | idded a cam to operate the timing switches, 
and a relay to provide tl iming s. It will be seen in Fig. 5 that this relay 


controls two circuits. Contact a, operates the twelfth pen of the recorder, and 
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a, operates the cycle timer. By means of the condenser and resistance shown, the 
relay is only energized for about half a second each time a timing switch closes. 
This period, independent of the contact time of the slow-moving cam, is essential 
since the cycle timer is operated by a powerful electro-magnet which would 
overheat if it was energized for more than a short time 


CYCLE TIMER 


This section of the apparatus (Fig. 6) is based on a uniselector switching system. 


== 


*e 


a 


Fic. 6. Cycle timer 


The closure of the contact a, on Fig. 5 causes the contact arm on each bank of 
contacts to move over one step. ‘The basic cycle time is set on bank 2. The 


flying lead is attached to one particular contact on this bank. Then, starting from 


the O contact, each timing pulse advances each contact arm one step (4 or 1 hr 
interval). When the chosen contact on bank 2 is reached relay B is energized, 
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closing contact B,, and its own holding contact B,. The uniselector is then driven 
by its own contact Y, and the circuit through the linked contacts of bank 1. It 
steps round very rapidly until the arm on bank 1 finds the blank contact O. The 
uniselector stops at this point and the relay B is released. ‘Thus one can select a 
cycle time merely by connecting to the appropriate contact on bank 2. The 
determination of the on-off periods of the lamps within the cycle time is carried 
out on banks 3 and 4. A lead from one of the relays C, D, etc. (there are six in the 
existing timer) is attached to the contact on bank 4 which represents the time from 
the beginning of the cycle at which it is required that the lamp should light. When 
the arm reaches this contact the relay is energized. It locks by means of its No. 1 
contact and switches on the lamp by its No. 2 contact. From the same relay a lead 
is taken to a later contact on bank 4. When this is reached the relay is shorted 
and its contacts open. In this system, therefore, there is independent control of 
the on-off periods of each lamp within the cycle time. It is possible, of course, with 
additional leads to switch on and off a lamp more than once in each main cycle 
By removing the 560 Q resistance and attaching a lead from one of the pens a 
record can be kept of the duration of the light period. There are many different 
types of uniselector with different numbers of banks and contacts, but all have 
similar properties. ‘The type used has four banks of twenty-five contacts, so cycle 


times of up to twenty-four units are possible. 


TEMPERATURE CONTROI 

The activity chambers are polystyrene boxes. In each box the light source and 
detector are mounted so that the infra-red beam passes along the centre line of the 
box and close to the bottom. Each chamber is inside a large (2 x 3 x 1 ft) wooden 
box as shown in Fig. 7. ‘This box is divided internally by a perspex sheet into two 
parts. One part contains a 20 W fluorescent lamp, and is fitted with light-trapped 
ventilators. ‘The perspex and ventilators are necessary to prevent the heat from 
the lamp interfering with the temperature control in the other section. ‘This other 
division contains a 30 W low-temperature heater controlled by a bimetallic thermo- 
stat and a circulating fan. In this section the temperature fluctuates by about 
1°C on a cycle of about 3 min. Within the activity chamber the differential is 
reduced to less than 0-25°C. Since these boxes must be left undisturbed for long 
periods it is advisable to have a checking system which indicates that control is being 
maintained. ‘This is carried out by a double contact thermostat enclosed in a 
small metal box designed to have approximately the same thermal properties as the 
activity chamber. The differential of this monitor thermostat is set at about 1°C 
and centred on the mean temperature required. If any malfunction arises and the 


temperature rises or falls beyond the required limits, this thermostat operates one 


or other of a pair of drop-type telephone call indicators (with manual reset). ‘This 


of course only warns the experimenter if the temperature of a particular box has 
not kept within the required limits. The alternative of keeping a continuous 
record of the temperature would be an unnecessary complication, since, in the 
unlikely event of a failure in the control system, the experiment is invalidated, and 
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a knowledge of the extent of the temperature change would be of no value. Its 
sole use is to prevent a long-term experiment from being continued after a fault 


has occurred 
lhe complete experimental arrangement is shown as a block diagram in Fig. 8 


The experimental chambers are kept in a room which is dark and partially sound 


insulated. All the control and recording equipment is outside this room so that 
charts can be changed and routine checks carried out without disturbing the 


animals. 
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Abstract— An assa quantitative evaluation of juvenile hormone in 
e! mall volumes of extr is described lhe Tenebrio unit (TE) is defined 


of the method is demonstrated in one 


EINLEITUNG 


AN der Determination larvaler Hautungen sind bekanntlich das Prothorakal- 
driisenhormon (Ecdyson) und das Juvenilhormon (Neotenin) der Corpora allata 
beteiligt. Wahrend das Ecdyson die Hautung auslést, wird der larvale Charakter 
dieser Hautung durch das Juvenilhormon bestimmt. Die ersten Extrakte des 
Juvenilhormons hat WILLIAMS (1956) erhalten. Zur biologischen Auswertung wird 


meist die Beeinflussung der Imaginalentwicklung herangezogen, die ganz oder 


partiell in pupale Richtung gelenkt wird. Die Beeinflussung der Puppenhautung 


(Erzielung von itiberzahligen Larvenstadien oder von Mischformen zwischen 
Larve und Puppe) gelingt zwar im ‘Transplantationsexperiment (BOUNHIOL, 1938; 
PrePpHo, 1942), ist aber als Grundlage zur biologischen Auswertung von 
Extrakten ungeeignet (HANSER und KARLSON, unverdffentlichte Versuche: vel. auch 
WIGGLESWORTH, 1958). Wir haben nunmehr, auf Beobachtungen von WIGGLEs- 
WORTH aufbauend, einen einfachen biologischen ‘Test an der Tenebrio-Puppe 
entwickelt, der quantitative Aussagen iiber die Wirkungsstarke erlaubt 


Bisher bekannte Fuvenilhormonteste 


GILBERT und SCHNEIDERMANN (1960) entwickelten zwei Juvenilhormonteste 

Polyphemustest. Es wurden bis zu 400 yl Extrakt in Puppen von Telea poly- 
phemus injiziert, die zuvor wihrend der Diapause mehrere Wochen gekihlt 
gehalten werden mussten. Der ‘Testeffekt wurde jeweils fiir 8 Organe, namlich 
Antennen, Augen, Genitalien, Fliigel, Thorax, Mundteile und Beine einzeln 
nach einem 5-Punkte-System bewertet (5 Punkte: vollkommen pupal; 0 Punkte 
vollkommen adult). Die auf eine médgliche Hormoninaktivierung in der Zeit 
zwischen Injektion und Beginn der Entwicklung zur Sekundarpuppe korrigierte 
Punktsumme ergibt die Zahl der Einheiten 

Wachstest. Der in Paraffin und Erdnuss6él geléste Extrakt wird auf eine 
von der Kutikula befreite Stelle des Puppenabdomens aufgetragen—das Paraffin 
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dient zum Wundverschluss—; nach der Imaginalhiutung bleibt ein weisset 
Fleck Pupalgewebes, der mit zunehmender Konzentration des Juvenilhormons 
im Extrakt grésser wird und im Grenzfall das gesamte Abdomen einnehmen 
kann 

WIGGLESWORTH (1958) hat zwei Juvenilhormonteste angegeben 

Rhodnius-Test. Ein ‘Tropfen des Extrakts wird auf ein Abdominaltergit auf die 
Gegend der zukiinftigen weiblichen Genitalien (7.-10. Abdominalsegment) odet 
auf die Fliigellappen der Rhodnius-larve (5. Stadium) aufpipettiert, nachdem 
zuvor die Wachsschicht der Kutikula durch Abrasion mit Aluminiumoxydpulver 
entfernt worden war. Der Testeffekt manifestierte sich in mehr oder mindet 
larvalem Charakter der behandelten Stellen 


Tenebrio-Test. Ein kleines ‘Trépfchen des dligen Extraktes wird auf mehrere 


\bdominalsternite von 12—24 Stunden alten Tenebrio-Pup yen aufpipettiert: da 
PI pl} 
} 


Integument wird dann durch den Oltropfen hindurch punktiert, so dass det 
Extrakt einziehen kann. Die Grésse und Form der bei der Imago auftretendet 
weissen Flecken pupalen Gewebes wird nach einer Einteilung in 4 Klassen bewertet 

Der Nachteil dieser Ausfiihrung d« Tenebrio- Vests legt nach unseren 
Erfahrungen darin, dass durch die Punktation keine genau dosierten Extraktmenges 
appliziert werden kénnen, denn die Menge, die durch den Stichkanal schliesslich 
einzieht, ist von vielerlei wechselnden Faktoren abhingig. Ausserdem ist di 
Fleckengrésse kein zuverlissiges Mass fiir die JuvenitIhormonaktivitit 

Unsere Methodik lehnt sich an die von WIGGLESWORTH I \ nt ne 


Vorteil liegt in der quantitativen Aussage 


VMETHODIK 

ltermaterial 

\ls Versuc hstier wahlte n wir det Vi hikiter 7enebhr 
wurden in Glaisern mit Gazeverschluss in einer Muisct 
Kleie und—zur Lockerung des Futters—zerkniilltem Zeitung 
gehalten, die im ‘Thermostaten bei 29°C und 45 Luftfeuchtig 
lest wurden 12 bis 48 Stunden alte Puppen verwendet; 
sie mit Kohlendioxyd narkotisiert. Nach der Injektion kan 
Holzkastchen, die mit feinen Hobelspanen ausgelegt waren, si 
pfenden Kafer ihre Exuvien gut abstreifen konnten Die Kiastcher 


zum Schliipftermin (nach 6 § ‘lTagen) bei 29°C im ‘Thermostatet 


Hormonextrakt 

Der Juvenilhormonextrakt wut ach WILLIAMS (1956) mit Ather-Atl 
2:1 aus Abdomen-Homogenaten von minnlichen Hyalophora cecropia | 
gelbes Ol mit hoher Juvenilhormonaktivitét und geringer ‘loxizitaét gewonnet 
Extrakte aus Raupen und Puppen von Bombyx mort L. wat ebenfalls 
nismassig akti Auch TVenebrio-Kot liefert wirksam« ‘trakte (IKKARLSON 
ScHMIALEK, 1959). Hochaktive Fraktionen wurden vor der Injektion mit Oh 


verdiinnt 





Fleckentestes schien es vorteilhaft, eine 

der Verdiinnung quantitativ zwischen Kutikula 
ur durch Injektion, nicht durch Einreibung 
erten Genauigkeit méglich. Das Injektions 
Materialersparnis, zur Vermeidung 
Wiederaustritts aus dem 

lier 0.5 ul des Extraktes 

Firma Desaca. Dheses 

g) mit Mikrometervorschub 

Nel gmentbreit vorgt schoben, 


1 ey positionsort 7u erre1 her 


. Tiere ist abhangig von der 
(Minimum 10°,,, verwertetes 
rsuchen betrugen die Sterb 

ym ce stilliertem Wasser 8 

hen Sterblichkeit von 8 bei den 


sbildungen (Stummelfliigligkeit und nicht 


\bdomens bei lebenden lieren) treten fast 


Kxtrakten i] solche lier wurden nicht 


sich normal zum Kafer: di 
pupal und bildete bei positivem l‘est weisse bis 
| mst hste 1] * di Sic h von de n kr iftig braunen 


hebet Abb. 1 und 2 Imagines mit deutlich 


den Depositionsort gelten als positiv, Imagines 
der fehlendem Fleck als negatiy Die Einstich 


gserscheinung—dunkelbraun bis 


olumen nicht abhangig (gepriift wurden 
iuch bei konstanten Injektionsbedingungen 

deshalb ich unsere! Ansicht keine gute 
quantitative b irtelung der Wirkung 

In Kontrollversuchen traten nach Injektion von reinem Olivendl als Verdiin 
nungsmittel der aktiven Extrakt r von destilliertem Wasser niemals positive 
Resultate auf: es ist deshalb bei grisseren Versuchsreihen nicht erforderlich, stets 


Kontrollserien mitlaufen zu lasset 
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Zur Berechnung des Prozentsatzes der testpositiven Kafer wurden jeweils nut 
dic { berlebenden von den 4) pro Versuch he handelte n eT rei 


erwendet \uf 


eine statistische Berechnung der Streuung haben wir verzichtet. Aus 120 Tiere 


wurden einmal in drei exaktgleichen Versuchen 39°, 34°... und 41 testpositiver 


Tiere erhalten, ein andermal mit einem anderen Extrakt 35°... 26°. 35 
Dostsabhangigkeit 

Von dem recht 
Verdtinnungsrether 


Dosiswirk ur os] ir’ 


Ans. 3. D 


den Wendepunkt, dem die Ordinatenwerte von 30—5 
entsprechen. Wir haben deshalb diesen Wirkungsbereicl 
Kinheit herangezogen, da die Wirkung mit steigender Do 
wachst 
Als Tenebrio-Einheit definieren wir diejenige Mer 
bei 30-50°,, der ‘Tiere eine positive epidermale Verandet 
Ein biologischer ‘Test dient in erster Linie zur Kontrolle vor 


ul 


versuchen. Als Beispiel sei ein Protokollauszug aus Versuchen 


eines Rohextraktes gegeben. Die aus Schmett« rlingspuppen m 


mitteln gewonnenen Extrakte wi n durch Chromatographi 


fraktioniert Als Lésungsmittel verwendeten wir Petrolither 
Petrolather-Benzol 3:1, 1: 1 3, Benzol und Methanol 


Fraktionen wurden zu je 100 ml aufgefangen, im Vakuun 


el 





14 


Exsikkator 


VI 


87 SOO 


/ 


einel 


hextrakt ist somit 2-fach, dic 
maximums tst jedoch 8-fach 


und den ersten Petrolather 


Ine? 


getroc 


spt Z 


(sesamtakti 


j 
Ww «ae 


ennung 


knet 


Aktivitat 2000 ‘TE/g 
vitat von 78 000 ‘TE (gemessen als Summe det 


de m ¢ ntspric ht em 


s Hormons 


| ) 


KARLSON UND MARTHA NACHTIGAI 


\us 44 ¢ eingesetzten édligen Extraktes (Gesamtaktivitat 
resultierten insgesamt 19,6 g Substanz mit 
\ktivitaten jeder 


riIVITATSWERTE DER (CHROMATOGRAPHIEFRAKTIONEN 


amtakt rl 


per Akt 


»7 OR2 200K 

284 400 
17 872 ROOK 
19 344 


5600) 


16 OO 
16 OO 
400K 
SOM 
400K 


200K 


4000 ‘TI Die 


(19,6 g) gegen 


A\ktivitat 


(sesamtsubstanz 


spezifische von 


in der erhaltenen 
\nreicherung in den Fraktionen des Aktivitats- 
Aktivitat lag in den Petrolather- 


Fraktionen (‘Tabelle) 


Nahezu di gesamt 
Benzol 


Hilfe 


Sach- 


en bei 


ein 


Druckleg erschien Verdftent- 


16b. 461-464) 


setzur e! 


eine 
nerung zweier Substanzen 
KARLSON und SCHMAILEK, 


lurch 


irm | lentinziert 


tat in Tenebrio-K rf konnten 
me y| ind | 
e WIGGLI 


werden. Farne 


berichtet 


Appendix 


lest nachgepr ift ind kénnen 
Bei 
4] 


0.01 | 


innt ist Farnesol toxiscl 
edenen Versuchen 57 

schen 0.05 l und 

us Cecropia-Abdomen 

iner Tenebrio-Einheit. Es ist also 

identisch ist; eime struk- 

Moglichkeit zu 


SCHNEIDERMAN, 
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DD'T-DEHYDROCHLORINASE IN THE MEXICAN BEAN 
BEETLE, EPILACHNA VARIVESTIS MULS. 


POMBES} 


Enton 


Abstract 


INTRODUCTION 
STERNBURG ef al (1954) were the first to demonstrate the relationship between 
insecticide resistance and enzyme activity. ‘The enzyme located in houseflies was 
designated DD'I’-dehydrochlorinase (DD'T-ase). Moorerte_p and Kearns (1957) 
determined the level of this enzyme throughout the life cycle of the housefly and 
found it to increase in the larval stages, decline 50 per cent at pupation, and then 
remain at this level throughout the pupal and adult periods. ‘They concluded 
that this reduction in enzyme titre at pupation was probably due to the loss of 
D)D'l'-dehydrochlorination sites in the organized degeneration of tissues charac- 

teristic of metamorphosis 

VItyakeE et al. (1957) determined the sites of enzyme activity within the female 
housefly and found that the fat body and brain contained high titres of enzyme 
Cuticle, muscle, and haemolymph showed intermediate levels, whereas the ovary 
and gut contained little or no DDT-ase. From these findings VITYAKE ef al. 
postulated that, because of the apparent high level of enzyme in the fat bodies, 

this organ must play a major role in detoxification 

up, Rutgers Universit 

the senior author to 


| Seri New Jerse \gricul- 
of New ler r Department ot 


South 
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Following the initial work on houseflies, Swirr (1958) and CHATTORA] and 
KEARNS (1958) demonstrated that naturally resistant Mexican bean beetle pupae and 
larvae possessed a comparable enzyme which could detoxify DDT and certain 
DDT analogues (i.« [DE and methoxychlor) to their dehvydrochlorinated 
products. ‘The desire to study further this enzyme within the beetle stimulated 
this investigation. The objectives were to determine if any correlation existed 
between the enzyme level of various stages of the insect and the LD,, of ‘TDE 
and to determine the relative concentration of DD'T-ase of various tissues in the 
adult beetl 


NIATERIALS AND METHODS 
Enzyme preparation and measurement 
[he colony of Mexican bean beetles which furnished all experimental insects 
was maintained under greenhouse conditions. Acetone powders were prepared 


by homogenizing the sample for 3 min in 10 vol of cold (— 15°C) acetone The 


slurry, mixed with an additional 10 vol of acetone, was filtered in a cold Buchner 


funnel The filter cake, washed vith 3 ol of icetone, was then dried in a vacuun 


desiccator Lhe powder was immediately 


extracted with 10 vol of cold glass 
distilled water for 3 hr at 2°¢ Che extract was centrifuged at 2°C for 15 miu 
12,800 g and the supernatant immediately assayed for enzyme activity 

[he enzyme reaction was conducted in single arm Warburg vessels contain 
600 mg of glass beads (15—60 u in diameter) on which was crystallized 3 mg of 
DE, the preferred substrate of the Mexican bean beetle DD'T-ase (Swirt, 1958). 


3me of reduced glutathione, 1-6 mg of cysteinylglycine, and 1 mg of disodium 


ethylenediaminetetracetate were added to the vessel’s sidearm in 0-5 ml of glass- 
distilled water. This was followed by the addition of 0-5 ml of 0-09 M sodium 
bicarbonate and 2 ml of the enzyme solution to the main compartment. ‘The 
vessels were then attached to Warburg manometers, placed in a 37°C water bath 
and gassed for 10 min with 95 N,-5 CO, while being shaken at 120 oscilla- 
tions per minute. ‘The stopcocks and vents were closed and the sidearm contents 
tipped into the main compartment. ‘This was recorded as zero time and reaction 
progressed for either 2 or 4 hr 

Following each reaction quantitative determinations of the substrate, DE, 
and its product, dehydrochlorinated ‘TDE, were conducted by the addition of 
3 ml of concentrated sulphuric acid to each vessel and extraction with 6 ml of 
cyclohexane. After 2 hr of continuous shaking an aliquot of 1 ml from each flask 
was diluted to 25 ml with cyclohexane so that the concentration of the two compo- 
nents fell within the range of standard curves previously prepared. | Itraviolet 
absorbance at 233 and 260 mu was measured with a Beckman DU spectrophoto- 
meter. Blanks, used for comparison, were prepared similarly by the extraction 
of the contents of a flask which contained no substrate 

Determination of the ultraviolet absorption spectra of pure p,p'-TDE and 
p,p’-dehydrochlorinated ‘DE dissolved in cyclohexane plus the measurement of 
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the optical densities of known concentrations of the two compounds enabled the 


calculation of the amounts of either compound in a two-component system. 


Dry weight determination 


Determination was made of the dry weight for various stages of the life cycle 
and also for samples of adult tissue. The material was placed in a previously 
weighed test tube and retained for 8 hr at 80°C, sufficient to produce a constant 
tissue weight. Immediately after drying, the weight of the tube was again deter- 


mined, thus giving the weight of the dried sampk 


Iminoid nitrogen of acetone powder 


Nitrogen analyses were made on weighed portions of acetone powders which 


had been assayed for enzyme activity. Each determination was replicated three 


times, using 3—5 mg of powder for each analysis. The samples were kept in sealed 
containers under a nitrogen atmosphere at 15°C. The aminoid nitrogen was 
determined using the micro-Kjeldahl apparatus of STEYERMARK et al. (1951) and 
the methods of NIEDERL and NIepERL (1942) 


LD» of TDE 


\n apparatus designed to deliver 1-00 + 0-02 yl was used in applying topically 
to the beetles known volumes of insecticide solution The bean beetles possess 
such great tolerance to the applied TDE that a synergist, DMC (4,4'-dichloro-a- 
methyl benzhydrol), which possessed no insecticidal activity itself, had to be 
incorporated to obtain mortality. The two compounds were mixed at a 1: 1 
ratio and all concentrations from 0-005 to 200 mg per ml represent only the 
concentration of ‘TDE. 

lhe area of insecticidal application was the ventral surface of the thorax, 
between the coxae of the prothoracic legs. Concentrations of sufficient range 
to give from 0 to 100 per cent mortality were tested against three replicates of 
ten insects each After insecticidal application the insects were retained at 
room temperature in Petri dishes for sufficient time to obtain 24, 48, and 72 hr 
mortality counts. All mortality results reported are based, however, on the 72 hr 


counts 


Tissue dissection 


Three replicates of 150 unsexed adults each, between 2 and 4 weeks old, were 
dissected to furnish sufficient tissue for enzyme determination. The tissues assayed 
were the entire alimentary canal, reproductive organs, a portion of abdominal 
body fat, thoracic flight muscles, brain and ventral nerve cord, and the ventral 
abdominal sclerites of the exoskeleton. These were dissected under saline 
(STERNBURG et al., 1959) and frozen almost immediately. They were retained in 
this condition until all 150 insects had been processed, usually within 72 hr after 
the start of the dissection. The tissues were then assayed for the enzyme in the 


manner previously described 
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RESULTS 


Enzyme level and dry weight values for various stages 


The average results obtained for the determination of the enzyme level in 
various stages of the beetle are presented in Fig. 1. ‘The data are plotted as micro- 
grams of product (dehydrochlorinated ‘TDE) formed per insect since a known 


DI 
number of insects, usually 200, was used for each analysis. The dry weight 


values for similar periods in the life cycle of the beetle are also shown. This figure 


, 


clearly illustrates that the enzyme level, as well as the dry weight, increases 
markedly in the fourth instar. Both reach a maximum approximately 16 hr prior 


to the insect’s attachment as a pupa to the leaf surface 


he pupal period, divided into successive stages based on pigmentation, 


s off. 


| 


experiences an early, rapid decline in enzyme concentration but soon level 
whereas the loss in weight over the same period is more gradual and proportionally 
not as great. Soon after feeding is initiated in the newly emerged adult, 


enzyme and dry weight curves increase gradually over the next 6 da 


which they remain relatively constant 

lo determine if the enzyme concentration varies directly with the body weight, 
a plot of enzyme activity per unit of dry weight was made (Fig. 2). The vz 
for alternating days beginning with the sixth following hatching and conti 
to the fourteenth day of the adul There appears to be, throughout 
insect’s life cycle, a constant ratio of enzyme to dry weight, except for a reduct 


of one-third from the eighteenth to the twenty-sixth day 





adult Mexican bean beetle 


l per u ticl solution of known 
concentration was the n 1O nploy r ti determinations Lhe LD..s 


of T'DE, both as [Lp ( S ng dry wt., for the different wed 


adults are shown in a \ column showing tl amount of ‘TT DE dehydro 


chlorinated per mg VW 1 age (from dat: ) Fig. 2) is presented for 


rapid comparison 





/EHYDROCH 


Iminotd nitrogen determination 


Ihe per cent protein ot the Various stages oO! tl beetles was determined by 


nitrogen analyses of acetone powders lhe values as shown i lable 2 illustrate 
that there is a slightly higher range in the pupal and ac 


pe riods 
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Enzyme activity in tissues of the adult Mexican bean beetle 


Che analyses of six tissues of the adult beetle, which entailed careful dissection, 
were conducted to determine the possible sites of enzyme location. The data 
resulting from these tests, including the tissue dry weight values and a ratio of 
[DE dehydrochlorinated per mg dry wt., are shown in ‘Table 3. The reproductive 
organs possessed the greatest amount of enzyme, the activity being more than 


3-5 times that of the alimentary canal, which was the second most active tissue. 


DISCUSSION 


Che DDT-ase activity (ung ‘TDE dehydrochlorinated/mg dry wt.) of the 
Mexican bean beetle was found to be relatively constant over most of the larval 
and adult stages. ‘There was a 35 per cent decrease in enzyme activity when the 
insects entered the pupal period and a similar increase early in the adult period. 
Thus, during the transformation from the larva to the adult, the level of detectable 
enzyme underwent a definite change. 

Since analyses show the presence of enzyme in various tissues, and it is true 
that tissues undergo reorganization during pupation, it 1s a good assumption that 
the enzyme is lost in this process. A logical conclusion, and one proposed by 
MoorerieLp and Kearns (1957), is that the enzyme is hydrolysed by proteolytic 
enzymes Also, the rate of enzyme synthesis is probably concurrently reduced, 
returning to the normal level only following adult feeding. ‘The question of whether 
the enzyme is indiscriminately utilized, as are cell membranes, or whether the 
enzyme is a labile protein and is preferentially acted upon is debatable. 

\ correlation was anticipated, and found to be present, between the tolerance 
to ‘TDE and the m vitro ‘TDE dehydrochlorinating ability of the adult beetle 
(‘Table 1). During the first 7 days of adulthood, the LD..s increase from 0-42 to 
2-81 ug/mg and there is a corresponding change in the enzyme activity over the 
same period. ‘The ratio of LD, to enzyme activity is not constant, however. 
During the first 3 days the LD,, value is less than for older adults, but this may 
be due to the fact that the exoskeleton is more permeable, thus permitting the 
absorption of a greater percentage of the applied dose (RicHARDs, 1953). 

Analyses of the specific adult tissues for enzyme activity revealed that the 
enzyme is widely distributed, being present in all tissues examined. ‘The site of 
the greatest concentration is the reproductive organs, followed by the alimentary 
canal. ‘The low concentration of enzyme within the fat bodies and central nervous 
system of the bean beetle may seem surprising, since Mtyake et al. (1957) found 
these two organs to be the predominant sites of the enzyme in resistant female 
houseflies. They also reported that the reproductive organs contained the lowest 
level of all tissues investigated. Thus, the distribution of enzyme among the 
tissues differs markedly between the female housefly and the Mexican bean beetle. 
There is, however, no reason to expect the enzyme distribution to be identical in 


the two species; one insect is naturally tolerant to DDT whereas the other has 


become resistant through DDT selection pressure. 
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THE STRUCTURE AND FUNCTION OF THE EGG-SHELL 
IN THE NEPIDAE (HEMIPTERA) 


HINTON 


LD partment 


Abstract 


he 


INTRODUCTION 


Ir has recently been shown that plastron-bearing respiratory horns have been 


evolved in the eggs of at least fifteen different groups of insects belonging to the 
orders Hemiptera, Hymenoptera, and Diptera (HINTON, 1961). Of these, the 
Nepidae are perhaps the most unusual in that the egg is normally so attached that its 


respiratory horns, and sometimes part of its apex, project above the surface of the 


224 
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water and the remainder of the egg is below the surface. From the point of view 
of respiration, the egg is essentially terrestrial. Oxygen diffuses into the central 
meshwork of the horn through the nearest interstices of the plastron meshwork, 
and the more distal parts of the horn are not concerned in atmospheric respiration: 
the plastron is functional only when it is raining heavily or when the egg is otherwise 
immersed in water. 

\part from the Nepidae and a small number of aquatic flies (Culcidae, 
Muscidae, Cordiluridae), all known instances of plastron respiration in eggs 
occur amongst terrestrial forms. ‘The plastron may be borne on one or more 
respiratory horns, or the shell may lack such structures and have the plastron on 
part or all of its surface. 

Che eggs of the Nepidae take up large amounts of water during development. 
In Nepa cinerea the volume of the egg is more than doubled before it hatches 
Ihe water is chiefly absorbed through a large and complex chorionic hydropyle 
which lies against a serosal hydropyl 

In this paper a comparative account is given of the structure and functional 
significance of the egg-shell and respiratory system of sixteen species representing 
half of the known genera in the family Nepidae. ‘The structure of the shell and its 


respiratory system appears to be more complex than that of any other animal egg 


except some of the species of Cheleutoptera, of which, however, no adequate 


account exists. The eggs of Ranatra linearis and the common water-scorpion, 
Vepa cinerea, have for long attracted attention, but the only serious attempts to 
discuss the structure and function of the shell were made by Leuckart (1855), 
IK.ORSCHELT (1887a, b), and KOuLER (1907) 


MATERIAI 


Ihe egg-shells of sixteen species wert examined hese include species in 


half of the known genera of the family, as follows 


Nepinat 


Vepa cinerea L..; Europe, Asia, Japan, North Africa 
Nepa apiculata Uhler; North America 

Laccotrephes robustus Stal; Oriental Region 
Laccotrephes fabricu Stal; East Africa, Arabia 
Laccotrephes maculatus F.; South China, India 
Laccotrephes sp.; West Africa 

Borborophilus primitiva Mont.; East and South Africa 
Telmatotrephes breddini Mont.; Borneo 


Ranatrinat 
Ranatra linearis L..; Europe, Asia 
Ranatra fusca Beauv.; North and Central America 
Ranatra dispar Mont.; Australia 
Ranatra vicina Sign.; Egypt 


rs 





¢ 
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Ranatra elongatula ¥.; India 
Ranatra sordidula Dohrn; Ceylon, Malaya, Philippine Islands 
Cercotmetus asiaticus Amyot and Serville; Siam, Java, Borneo 


Cercotmetus fumosus Dist.; India, Ceylon, Vietnam 


resh eggs were available of only two species, N. cinerea and R. linearis. Eggs 


remaining fourteen species were dissected out of dry museum specimens. 


| 
rf the 


No difficulty was experienced in distinguishing between eggs that had a completed 
chorion and those that had an uncompleted chorion 


NUMBER OF RESPIRATORY HORNS IN THE NEPIDAI 


lhe numbers of respiratory horns found in each of the sixteen species examined 


ire shown in ‘Table 1. No Ranatrinae appear to have more or less than two horns, 


MBER OF RESPIRATORY HOR Ol Cl OF NEPIDAI 


Africa 
primitiva 


Dbreddini 


vhereas the numbers of horns in the Nepinae vary from four to twenty-six. The 


only species in the latter subfamily that appeared to have a constant number of 
horns was Telmatotrephes breddini, but only six eggs of this species have been 
seen, and all were from the same female. Not only do the numbers of horns vary 
intraspecifically amongst the Nepinae, but the same individual may contain eggs 
with different numbers of horns. For instance, the variation in the number of 
horns shown in ‘lable 1 for Borborophilus and all species ol Laccotrephes is based on 
a single female of each. Similarly, some individuals of Nepa cinerea lay eggs of 


two or even three kinds according to the number of horns. 
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The only member of the Nepinae from which large numbers of eggs were 
taken was Nepa cinerea. Males and females collected in the field at various times 
during May 1960 were kept in brevit jars in which suitable oviposition sites wer« 


provided. ‘They were mostly fed on adult flies, chiefly Calliphora, and occasionally 


on zygopterous and trichopterous larvae \ total of 695 eggs was obtained. The 


numbers of respiratory horns varied from six to ten, with an average of 7:5 per 


egg (Table 1) 
As the season progressed between Vlav and lune, the number of horns pet 
declined { lable 2) kor instance, the average number of horns pel 


collections made up to 18 May was 7:8, but by 29 May the av 


found 


down to 6:9. The five ten-horned eggs (Tabl 

fourth collections and are not included in ‘Tabk 

decline in the average number of horns pet 
BEAMENT (1947) has shown that the average 


eggs laid by young females of Rhodnius prolixus 
that had been laving for + weeks lhe record 


ha seems 


number of horns per egg of Ne} 
One of the jars containing Nepa 1 


the following vear. Seven females we 
fed, but they had presumably taken the 


‘ 


of the seven females were dissect 


the following numbers of horns 


lhe average number of he 


not been fed was 7:3 as con pares 
vear when they had been well fe 
was kept alone 1n a jar and v1" 
is shown in Table 3, from whict 
not diminish with the age of th 
but it cannot have hatched late: 
it laid during 1960 was not reco 
eggs and died in the second week of | in 
horns is apparently unrelated to the absolute or asonal age of the femal 


d to a disturbar 


also appears to be unrelated to the food supply, it ma’ 
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factor. In this connexion it should be noted that ‘Table 2 is based upon collections 
of eggs kept in two brevit jars to which additional specimens were added as they 


were collected from the field ‘hus, as the season progressed the cultures became 


TABLE 2—-PERCENTAGE OF EGGS WITH 6, 7, 8, 
AND Y RESPIRATORY HORNS COLLECTED FROM 
CULTURES ON SUCCESSIVE DATES FROM 18 May 


ro 5 JUNI 


* These entries are in their correct position 1 th but the actual dates were not recorded 


the time 


All eggs from « 


NUMBER OF RESPIRATORY HORNS OF EGGS LAID BY A 
FEMALE OF Nepa cinerea DURING 1961 
specimen had hatched not later than the autumn of 1959 
and laid eggs during 1960 


more crowded, and there were sometimes as many as fourteen adult specimens 
in a jar. The number of respiratory horns does not appear to be related to the 
weight of the fresh egg: there was no significant difference in the weights of seven- 


and nine-horned eggs 1—4 days old 
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RESPIRATORY SYSTEM OF SHELL OF NEPA CINEREA 
1. Respiratory horns 


The size and general appearance of the egg are shown in Fig. 1, A. At the 
anterior pole there are six to ten plastron-bearing respiratory horns (Table 1). 


1.0 wen 


Viany eggs had som respiratory horns only about thre: quarters as long 


g as 


others (Fig. 1, A), but very few had one horn as little as half as long as its fellows 
One eight-horned egg had one horn only about a fifth as long as normal (Fig. 1, G) 
Of the 5241 horns examined, forty-nine were abnormal. Most of these had one o1 
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(Fig. 3). The meshworks of the shell wall are readily wetted from a cut edge with 


water, alcohols, and paraffin oil. All of these materials somewhat more rapidly 


displace the air in the inner than in the outer meshworks. When a piece of shell 
is mounted inner face upwards in Euparol and examined with an oil-immersion 
lens, it is quite evident that Euparol displaces the air in the fine inner meshwork 
more rapidly than in the coarse outer meshwork. 


‘The two gas-containing meshworks of the shell wall are both absent in three 


areas: (1) at the anterior pole in the central area between the horns; (2) in a small 


area around the two adjacent micropyles; and (3) at the site of the chorionic 


hydropyle. The innermost layer of the shell wall is a continuous, ‘solid’ sheet of 
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chorionin, and the gas-containing meshwork of the inner part of the shell 
nowhere opens at the inner surface neither water, ethanol, butyl alcohol, nor 
paraffin oil applied to the undamaged inner face of the shell displaces air in the 
meshwork 


ar 
CO, 
< 


CL CEEOL ES Pal Sal ¢ 
2 1. POCOCLIO eo rk 
ELORGE BIRR 


The inner meshwork is not coloured when either malachite green or eosin 1s 
applied for long periods to the inner face of the shell 





234 HINTON 


leropyles 

\eropyles or fine tubes extend vertically through the chorion from the 
yutermost meshwork layer to the surface. ‘Their shape and dimensions are shown 
in Fig. 4, B. Each is branched at about its apical three-fifths, and the branches are 
frequently forked or even divided into three or more secondary branches near the 
surface. ‘The internal diameter of the secondary branches near the surface of the 
shell is about 0-1 y or a little less. ‘The number of primary branches of each aeropyle 
is usually six to ten, but there are sometimes more (Fig. 5, B—-E). The stems of the 
ieropyles are nearly always simple: of several hundred examined only two were 
forked. ‘The stem is constricted near the outer meshwork layer, and at the mesh 
work layer it is more or less abruptly widened again. At the proximal constriction, 
the cross-sectional area is between 0-03 and 0-07 yu”, whereas the total cross-sectional 
area of the branches at the surface 1s about 0-12 u?, assuming an average of fifteen 
branches per aeropyl In the tracheal system the total cross-sectional area at 
different distances from the spiracle can be unequal, as shown by NUNOME (1944). 
If respiration depended entirely upon diffusion, the regions of the tracheal system 
with the least total cross-sectional area would be limiting, but the tracheal system is 
flexible, and pressure differences resulting from body movements of one kind or 
another probably result in some internal tidal flow in all insects. ‘The aeropyles, 
however, are rigid and gases pass along them only by diffusion. Nevertheless, the 
proximal restriction of the aeropyle is hardly likely to be a limiting factor because 
the rates of diffusion of oxygen and carbon dioxide within the aeropyle will be 
restricted by the rates of diffusion of these gases in the layer. of water external 


the ; . a rate which for oxygen is known to be 3 10° less than in 


[he chorion above each aeropyle is distinctly convex. In a view normal to the 
surface the a¢ ropyles are seen to be grouped in areas, Cac h ot which corresponds 
to the area occupied by a follicular cell. In such areas there are usually five to 
eight aeropyles (mean, 6-3), but there are sometimes as few as two and sometimes 
ten or more. In some eggs the groups of aeropyles are nearly everywhere clustered 


in the centre of the space occupied by each follicular cell, whereas in other eggs 


the aeropyles form a ring near the periphery of the area occupied by each cell: 


in still « eggs mixtures in various proportions of both types of aeropyle 
distribution are present. Aeropyles are absent in the central area between the 
horns, on an anterior ring before the bases of the horns, around the micropyles, 
and at the site of the hydropyle he number of aeropyle-producing follicular 

ls for one egg of average size was calculated to be about 2700, and the number 
of aeropyles was thus about 17,000 

In the position in which the egg is normally laid the water level is usually neat 
or at the bases of the horns so that all aeropyles are below the water surface. ‘The 
aecropyles are gas-filled, and water does not enter through them in a liquid phas¢ 
When eggs are immersed in malachite green for periods up to several hours, the 
aeropyles do not colour. An excess pressure of 1 atm applied for 30 min is not 


sufficient to force water into most of the a ropyles 
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That the aeropyles open into the outer meshwork layer is evident in sections 


If the meshwork is flooded by repeatedly adding drops of butyl alcohol o1 paraffin 


oil to the plastron of one or more horns, the disappearance of air in the ae ropyles 


keeps pace with the advancing front of the liquid in the meshwork, thus showing 
beyond any possibility of doubt that the inner ends of the ac ropyles are not closed 
but open into the meshwork 


he air in the aeropyles is readily displaced by alcohols or paraffin 


\s pre viously noted, the rr shworks of the shell wall are re idily wetted by 
alcohol. and parafhin oul Neve rthel Ss, when the intact 


egg nmersed for 
periods in paraffin oil up to th bases of the horns, the air neshworks is 
displaced as might have beer expected. ‘The reason for this iy be that under 
such conditions the air in the meshworks is trapped and cannot escape. Althougl 
in the experiments th plastron was freely exposed to th 


ur. pressure resis 


and fri« tional drag occasioned by the very lor Vv path of the I 


shell wall and th proximal part of the plastron on th 


tance 


neshwork betweet 


re spi wory horns pr 


any significant tidal movements of air and so virtually traps the air in the meshw« 


of the shell wall. In this connexio noted that the interstices of mux 


the meshwork are of the Sar of the 
molecules 


Drops of butyl alcohol or paraffin oil added to area on the outside 


of the shell immediately, displace th 


liquid. When liquids ar applied in 


contact with the 
trap tl alt 
in the meshworks beca ise this « 
region. If a restricted area 
with butyl alcohol for long me 
in the appearance of the chorior 
ur in the meshworks below is not 
may be partly wetted 
As already noted, 
wetted even under cor 
a restricted area on th itside of tl 


tne sneli it enters the aer 


below. When drops of an aqueo 
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displace the air in 
malachite vyreen are ct ously idded to l 
the meshworks he low 


is displaced 


In s 
evident fror 


itl 


flattened or conc: 


suggests that or 





in Fig. 4, B. the relatively enormous volume of the interstices of 


eshworks are fed by a ropyles that are constricted to about 0-2—0-3 


near their inner ends. A possible explanation of the phe nomenon observed with 


both water and other liquids would seem to be that the liquid that enters the 
mie shworks through the at ropyl 5 evaporat 5S through the chorion and through 
the aeropyles that are not flooded at a rate sufficient to prevent its accumulation 


extent of displacing a large amount of air in the meshworks 


the chorion becomes gas-filled 
| appear, from what little is now known, to be 
sects: | know of no closely related forms which 
differ in the way in which the meshwork is filled with gas. For instance, amongst 
the Diptera—Cyclorrhapha it appears to be the rule that the meshwork is always 
filled with gas while the egg is bathed in fluid in the oviduct (H1nTON, 1960a), 
whereas in beetles of the family Staphylinidae (LINCOLN, 1961) and in the Acrididae 
(HARTLEY, 1961) air-filling always occurs after the egg is laid. In Nepa and 
Ranatra, and presumably in all other Nepidae, the meshwork becomes gas-filled 
only after the eyvg is laid 
lhe shell of the egg ol Vepa is complet ly formed before the egg passes into 
the common oviduct. Air-filling of the meshworks was observed in eggs dissected 
from the bottom of the ovarioles. At room humidities, the egg dries out very 
rapidly and the aeropyles immediately fill with air. Air from the aeropyles does 
not, however, invade the meshwork below to any extent before it becomes air-filled 
from the plastron. As the egg dries, the liquid that fills the horn recedes downwards, 
the advancing front of air finally reaching the body of the shell and rapidly moving 
to the posterior pole. ‘The advancing front of air is fairly even because the liquid 
leaves the coarse and fine meshworks at about the same rate. In eggs laid in the 
normal way the whole of the shell would appear to be filled from the plastron 


When females are forced to lay below the surface of the water, the eggs remain 
liquid-filled 


THE CHORIONIC HYDROPYLE OF NEPA CINEREA 


On the dorsal side of the egg near the posterior pole there is a broadly elliptical 
or nearly circular area which is slightly raised above the general surface of th 
chorion. ‘This structure is the chorionic hydropyle. ‘The hydropyle of the serosal 
cuticle, which is circular and similar in breadth, lies against the inner side of the 
chorionic hydropyle. ‘The greatest diameter of the chorionic hydropyle is usually 
0-37—0-45 mm. In section its middle part consists of a moderately coarse meshwork 
(Fig. 6). On either side of the coarse meshwork there is an extremely fine meshwork 
‘he fine meshwork or spongy layer above the middle part of the hydropyle extends 
to the surface and provides a direct route for the entry of gases and liquids into 
the coarse meshwork. Below the middle part, the spongy area extends to the 


inner surface of the chorion, but its structural detail has not been resolved 
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hydropyl is allowed to drv ind it becomes air-fi 
added to its surface immediately, displace the 
leave intact the air in the surrounding 
is immersed in paraffin oil, only the air 

oil does not penetrate through the aeropyles in 

the meshwork of the shell even when the eggs are immersed 

same results were obtained when the posterior halves of egg 

butyl alcohol. Conversely, when the meshwork of the whole chorion is 
with paraffin oil, ethanol, or butyl alcohol, either from the plastron or fron 
incision made close to the hydropyle, the air contained in the hydropyl 


displaced 


Openings into the outer surface of the hydropyle can be readily seen with the 


light microscope, and their existence can be inferred from the rapidity with which 
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liquids such as water, alcohol, or paraffin oil applied to the outer surface displace 


the air within the hydropyle. For the hydropyle to be effective, water must pass 
right through it in a liquid phase, but it has not been possible with any certainty 
to detect microscopically openings into its inner surface that lies against the 
serosal hydropyle. ‘The tops of eggs in a late stage of development were cut off, 
and, after removing the embryo and the serosal cuticle, some eggs were filled 
with water and some with paraffin oil. In no instance was enough of the air 
within the hydropyle displaced to cause a distinct change in appearance when 
viewed externally. Failure to displace the air in the hydropyle could be due either 
to the failure of the liquids to penetrate or to such slow penetration that the rate 
of evaporation of the liquid from the hydropyle was sufficient to prevent its accumu- 
lation and therefore the displacement of air. When egg-shells were prepared in the 
same way but filled either with aqueous malachite green or eosin, the meshworks 
of the hydropyle became coloured. ‘Thus, it may be concluded that the inner 
surface of the hydropyle has openings large enough to permit the passage of water 


in a liquid phas« 


THE MICROPYLES 
In the Nepidae the micropyles are always on the dorsal anterior side of the 
shell just behind the bases of the respiratory horns. ‘They are never in the central 
area between the horns, as illustrated by Korscuett (1887a). They always extend 
posteriorly and downwards through the chorion, and they are often slightly 


twisted. ‘They are always much narrowed behind (Fig. 7). ‘The air-containing 


meshworks of the shell are always absent in the area immediately around the 
micropyles. In Nepa cinerea and other species, the chorion of the area around the 
inner openings of the micropyles is produced inwardly. ‘There were two to six 


micropyles in all species examined, as follows: 
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Vepa cinerea, 2 lelmatotrephes breddimi, 4 or 5 
Laccotrephes fabricu, 2 Ranatra linearis, 5 or 6 
Laccotrephes robustus, 3 Ranatra elongatula, 4 or 5 
Laccotrephes sp., 4 Cercotmetus asiaticus, 4 


Borborophilus primitiva, 2 Cercotmetus fumosus, 3 


THE VISCOUS MATERIAL ON THE SHELL OF NEPA CINEREA 

\ viscous, hygroscopic, nearly transparent substance is normally deposited on 
the outside of the shell between the bases the horns. It sometimes extends 
around the individual horns up to about their dista \ lhe viscous material 
is also deposited on the sides of the egg, and it « lly covers most of the ery 

rr to glue the eggs to the | UNnains in nateric ; to each other 
whe n the Vy are sufficiently clos tog ( must alist ) imp down hun idity 
fluctuations of the ambient air, sir water fairly wly when the egg is 
exposed above water and absorbs water and swells wh in a saturated 
environment or in contact with wa n the norm: ition in which the egg 
is laid there is usually a film of wat tually i nti with the viscous material 
between the bases of the horns he hygroscopic m ial on the sides of the egg 
will serve to damp down humidity fluctuations wl gg is exposed above 
water to a greater extent than normal, especially since it is « n joined by a strip 
to the central lump between the horns 

‘he viscous material may be an acid mucopolysaccharide gi a strongly 
positive periodic acid/Schiff (PAS) reaction, O red with toluidene blue, and 
colours faintly with Millon. F1 unfix naterial did ni olour with ninhydrin 
he ninhydrin method of Moor FIN (1958) was used, but ascorbic acid 
instead of stannous chloride was used as tl I ing agent, nd the solution was 
buftered with sodium citrate 

It was at first supposed tha 
gland, but accessory gland contents fro emales in ious stages of the ovarian 
cycle did not colour similarly with the reagents used to i y the viscous material 
on the egg. Furthermore, a material that appeared to imilar to that present 


on laid eggs was found between the horns :; n the si of nearly completed 


eggs in the proximal part of the ovarioles material ga positive PAS 
? 


reaction and coloured n thus appears 
that the viscous material on the eggs origina in the individual ovarioles. ‘Th 
function of the accessory gl I ba, whicl ens besides the spermatheca, has 
not been determined Althoug! AMI! ; sugy* sts that the viscous material 
is produced by the accessory land, she al notes that the contents of the gland 


resemble the secretion found in the spern 


RESPIRATORY SYSTEM OF SHELL OF OTHER NEPINAI 
All species of Nepinae examined may be distinguished from one another on 


the structure of the shell and respiratory system, but these differences are for the 
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most part minor ones. Here only the more significant differences in structure 
between Vepa cinerea and the other species art noted. 

The numbers of respiratory horns found in the different species are listed in 
lable 1. The horns may be nearly as long as the egg, as in some species of 
Laccotrephes, or they may be less than a third as long, as in Borborophilus primitiva 
he plastron is usually confined to the apical third to two-fifths of the horn, but in 
Laccotrephes fabricti it is confined to about the apical fourth, whereas in Borboro- 
philus primitiva it is present on the apical half of the horn. In all species except 
Telmatotrephes the horns are gradually narrowed towards their apices, and the 
structure of the plastron and other parts is essentially as in Nepa. In Telmatotrephes 
the plastron-bearing apex of the horn is strongly clubbed (Fig. 8, A). This part 
of the horn is elliptical in section with the inner side concave. The inner side 
consists of a stout strip of chorionin that does not bear a plastron on its external 
surface. ‘The plastron meshwork over the remainder of the surface (Fig. 8, B, C) 
is very similar to that of Nepa. ‘The continuity of the air contained in the meshwork 
and that contained in the plastron is effected by a large number of tubes which are 
distally about 5—6 » wide. ‘These tubes open into the plastron meshwork, extend 
more or less directly inwards for a short distance, and then curve downwards 


(Fig. 8, B). After extending downwards for a varying distance, their walls become 


part of the central meshwork. At the apex of the horn the tubes extend more or 
| 
I 


ess straight downwards from the plastron (Fig. 8, C) 

In all species the inner part of the shell wall is modified to form an air-containing 
meshwork. ‘The meshwork is absent from the areas specified in the description of 
Vepa According to size, the meshwork consists of two more or less distinct layers. 

In all species aeropyles extend vertically through the chorion from the outermost 
meshwork layer to the surfac« [he aeropyles may be arranged in a peripheral 
ring in the area occupied by each follicular cell, as in Borborophilus, but in most 
species they are scattered throughout the area occupied by each follicular cell 
\s previously noted, in Nepa cinerea both types of distribution, or a mixture of 
both, may be found in different specimens. In most species aeropyles are absent 
from the area immediately behind the bases of the horns, as in Nepa. In Telmato- 
trephes, however, the aeropyles are present nearly to the bases of the horns. ‘The 
number of aeropyles per follicular cell varies inter- and intraspecifically, as shown 
in Table 4, which is based on counts made in the middle area of the shell. In those 
species that have a zone free of a¢ ropyl s behind the bases of the horns, the cell 
areas near to, or adjacent to, the aeropyle-free zone often have only one or two 
aeropyles 

The aeropyles are branched apically in all species except Telmatotrephes, and 
the branches of each aeropyle open at the surface of a small tubercle. In 7e/mato- 
trephes the aeropyles do not open on individual tubercles. In most species the 
primary branching of the aeropyle occurs at the general level of the chorion 
surface, and the branches are thus confined within the tubercles. Telmatotrephes 
is the only one of the sixteen species examined in which the aeropyles are 
unbranched. ‘The mean number of aeropyles in the middle region of the shell is 
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forty-six. In most species of the family the mean number is between four and ten 


(Table 4). The average number of branches is between five and ten for most 


species, and in many species there is no secondary branching Thus, although 
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the aeropyles of Telmatotrephes are unbranched, there are as many openings to 


the surface per unit area of the shell as in most other species of th family, since the 
size of the follicular cells of the different species is similar 
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In most Nepinae each aeropyle consists of a narrow stem that is widened 
proximally immediately before the meshwork to form a cup-like structure. It is 
again abruptly widened distally a short distance before it is branched. ‘The 


lABLI [HE NUMBER OF AEROPYLES PER FOLLICULAR CELL IN VARIOUS 
SPECIES OF NEPIDAI 


No. of cells No. of aeropyles 


examined 


Viinimum | Maximum | Me: 


6-3 
Laccotrephe rooustu 
Lace otrephe § fabric 
Borborophilus primitiva 
Telmatotrephes breddini 
Ranatra lineari 
Ranatra fusca 
Ranatra elongatula 
Ranatra dispa 
( ercotmetus asia 


( ercotmetus 


aeropyles thus resemble those of Cercotmetus (Fig. 13, A) rather than those of 
Vepa (Fig. 4, B). The aeropyles are generally not forked proximally, but in 
Laccotrephes fabricu they are occasionally and in L. robustus often forked proximally 
In Telmatotrephes each aeropyle is slightly and gradually narrowed proximally, and, 
although it is slightly wider near the meshwork, no distinct cup-like structure 
is present 


RESPIRATORY SYSTEM OF SHELL OF RANATRA LINEARIS 


lhe fresh egg is 3-0-3-3 mm long. Its shape is shown in Fig. 9, B. At the 
anterior pole there are two plastron-bearing horns which are a third again as long 
as the egg. Each horn is broadly elliptical or nearly circular in transverse section 
and is slightly and gradually narrowed towards its apex, its extreme apex being 
usually very slightly dilated. ‘The centre of the horn is occupied by a fine meshwork 
of chorionin that encloses a core of still finer meshwork, as shown in Fig. 10, C 
‘he fine core is usually near the outer side: it is not central as in Nepa cinerea and 
related forms. ‘These meshworks are air-filled. At the base of the horn they are 
continuous with the air-filled meshworks of the inner shell wall. The whole of the 


horn except about the basal 0-7 mm supports a plastron meshwork. A transverse 


section through any part of about the basal 1-6 mm of the plastron-bearing part 


of the horn shows that the plastron is here completely isolated from the inner 
meshwork of the horn by a thick sleeve of chorionin. This sleeve has numerous 
small spaces or pockets, especially in its inner half, but these do not often communi- 
cate with one another. On about the apical 1-8 mm of the horn aeropyles that 
extend through the sleeve of ‘solid’ chorionin effect the continuity of the plastron 
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Fic. 10. Respiratory horn 
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section through the most proximal part of 





gas and the gas contained in the interstices of the meshwork of the central part 
of the horn (Fig. 10, C) 

Proximally, the zone of aeropyles is narrow (Fig. 10, C) and confined to the 
outer side of the horn. It becomes wider towards the apex, and before the apex 
it completely encircles the horn. ‘Thus in this apical part the structure of the 
horn resembles that of Nepa and related Nepinae. ‘The proximal restriction of the 
zone of aeropyles to one side of the horn increases the length of the diffusion path 

naximum of about 0-1 mm, or a third of the circumference of the horn 


r. the total absence of a ropyl s in the basal part of the horn increases the 


length of the diffusion path for oxygen entering the most basal part of the plastron 


| 
i 


a distance of about 1-5 mm, an increase that does not appear to be compensated 
in\ evident advantagt 
air-containing meshworks of the inner shell wall are shown in Fig. 11. As 


in Nepa, the outermost a1 oarser layer colours more reddish-orange with 


0.02 mn 


aeropyle 


nile 


cr 
c £Se Ate 


Shirlastair \ than the finer laver below it The inner (lower) laver becomes 
finer towards the inner side. Very near the inner side the change in size is sufh- 
ently abrupt to distinguish this part as a third layer (Fig. 11). At the anterior pol 
1e meshwork layers form a thick pad; the outer layer is often as much as 5 times 
and the middle laver as much as 20 times as thick as elsewhere in the shell wall. ‘The 


meshwork layers are absent at the site of the hydropyle, immediately around the 
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inner openings of the micropyles, and on a very small round or transvers« 
area at the anterior pole. Sometimes there are two very small central areas at 
anterior pole from which the air-containing meshwork is absent. As in Nepa, the 
innermost layer of the shell wall is a ‘solid’ continuous sheet of chorionin: neit] 
water, ethanol, butyl alcohol, nor paraffin oil applied to its u imaged inner fac 
after removal of the serosal cuticle displa he air meshworks, nor do thes« 
become coloured when malachite er li the inner fac 

\s in the Nepinae, aeropyles extend more o tically wugh the 
from the outermost meshwork la 
ire shown in Fig. 11. Each oper 
often occurs above the genera 


1 or even further s 


often torke¢ 
but well before the outermost n 
short distanc: his dilated part 
tubes, each of which opens int 
\eropyles are present in all parts 
works. ‘Their form is everywhet 
of the chorion, the aeropyles ar rather 
cell areas. Each follicular 

Ihe tubercles that project tT 
aeropyles open are very high near 
shell, which colours more dar 
laver, is very thin posteriorly, but 
much thicker. Here it forms 
bridges them, as showr 
forms bridges between 
the shell that is normally 
eggs inserted into stems < 
ventral surface is exposed I} 
ventral than on the dorsal side 
anterior pole between the horns 


One of its functions may be to 


exposed parts of the shell and so t 


In a narrow strip imn 
combed, and the 
and properties of this 
splashe d onto the « yy is 
cannot but serve at tims 
alr 

‘he chorionic hydro 
othe I Ni pid T 


r 
ilar to 


ry ny 
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coarse middle layer are more easily resolved with the light microscope. Its 
meshworks do not communicate with those of the adjacent parts of the shell wall, 
which was confirmed by flooding either the adjacent shell meshworks or those of 
the hydropyle with water, alcohols, and paraffin oil 


Fic. 12 urfac iew of stron work of 1 7 orn of Cercotmetus fumosus 
B) Opt 


( Dor 


it about 2 mm from apex 


RESPIRATORY SYSTEM OF SHELL OF OTHER RANATRINAE 
\s previously noted, all Ranatrinae have two respiratory horns. These are 
broadly elliptical or nearly circular in transverse section, and, except for those 
of Ranatra elongatula, always have their extreme ends very slightly dilated. The 
species not only differ greatly in the length of the horns, both absolute and relative 
to the length of the egg, but they also differ considerably in the structure of the 


horn and the extent of the plastron. The lengths of the eggs and the respiratory 
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horns of the eight species examined are shown in Table 5, the horns of genus 
Cercotmetus are particularly long, those of C. asiaticus being very nearly 4 times as 
long as the egg. In the genus Ranatra, the horns vary from a little more than 


3 times as long as the eggs, as in R. sordidula, to only about two-thirds as long, as 


C'ercotmetu 

( ercotmetus fun 
Ranatra sordidula 
Ranatra vicina 
Ranatra lineart 
Ranatra fusca 
Ranatra elonga 


Ranatra dispar 


in R dispar Nearly the whole of the horn may support a plastron, as in the 
species of Cercotmetus and in Ranatra vicina and R. sordidula, or the plastron may 


, 


be confined to as little as th apical third of the horn, as in R elongatula 

All species are alike in that there is a central core of fine meshwork that at the 
base of the horn is continuous with the gas-containing meshworks of the inner shell 
wall. The struts that support the peripheral plastron network may arise directly 
from the central meshwork, as in Cercotmetus asiaticus (Fig. 12, B), C. fumosus, 
and some species of Ranatra (R. sordidula, R. vicina). In the other Ran 
examined, aeropyles more or less normal to the long ; if the horn (Fig. 10, A) 


or extending obliquely downwards (Fig. 14, B), effect the continuity of the gas 


in the plastron and that in the central meshwork of the horn. In all Ranatrina 
examined with the exception of R. /inearts, the plastron does not extend proximally 
beyond the level where it is connected directly or via aeropyles to the central 
meshwork of the horn. In Ranatra linearis, as already noted, the plastron extends 
proximally about 1-5 mm beyond the level of the aeropyles, thereby gr 

increasing the length of the diffusion path for oxygen entering the most proxt 

part of the plastron. In the proximal part of the horn, the plastron is normall) 
connected directly or through a ropyles to the central meshwork along one side 


of the horn only. ‘Towards the apex the extent of the connexion increases, and 


before the apex all of the plastron of most species is connected directly or through 


aeropyles to the central meshwork 
The plastron network of all species consists of very fine anastomosing horizontal 
branches that connect the apices of adjacent struts. ‘The struts that support the 


network may be solid, as in Cercotmetus asiaticus, C. fumosus, Ranatra dispar, and 
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R. sordidula, or they may themselves consist of numerous very fine close branches 
that may anastomose to form a 


strut of Ranatra linearis (Fig. 10, A), R. vicina, and R. fusca. 


very fine meshwork, as in the apical part of each 


0 02 mm 


B 


»f shell The meshworks 
of the aeropyle opens are 
he area of of the middle region of 


on tuber 


lhe shape of the plastron-bearing part of the horn of Ranatra elongatula is 


quite unlike that of any other species: it is flattened and its edges are slightly 


serrated or even bear, in some specimens, small papillae. ‘The apex of the horn 
has numerous short papillae, as shown in Fig. 14, A. Its plastron is one of the 
shortest in the Ranatrinae (Table 5), and, despite the papillae, the ratio of egg 
volume to surface area of plastron is less than that of any other species except 
R. dispar 

Since the shapes of the eggs are similar in the different species of Ranatrinae, 
their volumes will be proportional to the cubes of their lengths (Table 5). ‘The 
surface areas of the plastrons are proportional to the squares of their lengths: the 
horns differ little in thickness, and the surface network of all is similar. ‘The 
ratio egg volume/plastron surface area differs enormously between the species. 
Such differences cannot greatly affect the rate of oxy gen uptake by the egg during 


atmospheric respiration: oxygen diffuses into the central meshwork of the horn 
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through the nearest interstices of the plastron meshwork, and the more distal 
parts of the plastron are not concerned in atmospheric respiration. ‘The significance 


of the great interspecific differences in the ratio egg volume/plastron surface area 


aT, 

— 

aeropyle , 
—_ 

plastron 


meshwork 


Fic. 14 Ranatra elongatula (A 


(B) Side near base of plastror 


is to be sought for under conditions when the plastron is functional, either because 
it is raining heavily or because the water level has risen above the site to which 
the eggs are attached. Differences in the ratio may be attributable either to 


differences in the frequency and duration of flooding to which the species ar¢ 


normally exposed, or to differences in the rate of oxygen uptake amongst species 
that may develop at very different speeds: more must be known about the biology 


of the eggs before a choice between these two alternatives can be made 
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In all Ranatrinae the inner part of the shell wall forms gas-containing layers 


which are similar to those of Ranatra linearis (Fig. 11). \eropyles extend vertically 





A C 


Ranatra fusca ypyle of middle region of shell 
proximal cup-like dilation of the aero- 


Vv of part of the area of a 


rks of the inne hell alli » which the 


ire omitted. (( follicular cell of middle 
hell showing four aero ypening on tubercle 


from the outer meshwork laver to the surface. The aeropyles arc usually scattered 


within the area of each follicular cell, but in some species, e.g. Cercotmetus asiaticus, 
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they are scattered in some cell areas and arranged in a peripheral ring in other cell 
areas. ‘l‘he number of aeropyles produced by the follicular cells of different species 
in the middle region of the shell is shown in Table 4. In Ranatra elongatula and 
R. dispar they are proximally forked as in R. linearis (Fig. 11). In the species of 
Cercotmetus and in Ranatra vicina, R. sordidula, and R. fusca (Fig. 15, B) they are 
not proximally forked. In all species they are branched distally (Fig. 15, B), and 
in some there is also a secondary branching, as in R. linearis (Fig. 11) 

\ hydropyle is always present near the dorsal posterior pole of the egg. Its 


structure is similar to that already described for Ranatra linearis 


RESISTANCE OF PLASTRON TO EXCESS PRESSURES 

The plastron is a superficial gas layer of constant volume and an extensive 
water—air interface held in position by hydrofuge structures, the plastron 
meshwork, that resist the entry of water under pressure. If the plastron is to serve 
as an efficient respiratory structure, it must resist wetting at pressures to which it 
is subjected in nature. A column of water was used to study the resistance of the 
plastron to an excess pressure of 7 cm Hg. Its resistance to higher pressures was 
tested in a chamber connected to a mercury reservoir. Live eggs were used in all 
experiments, and the figures for the resistance of the plastron to excess pressures 
are therefore minimum figures. Any oxygen uptake by the egg must reduce the 
back pressure of the system: the maximum possible reduction in pressure due to 
respiration would be equivalent to a rise in the hydrostatic pressure of about 
16cm Hg. However, as in all experiments the total volume of the eggs used was 
very small in comparison to that of the well-aerated tap water in the chamber, it 
is probable that even in the experiments that lasted 24 hr the actual pressures at 
the end of this period were only a few centimetres above those recorded. In the 
Nepidae, as in dipterous eggs (HINTON, 1960a, b, c), the resistance of the plastron 
to excess pressures varies directly as the surface tension of the water, since wetting 
always occurs before there is a mechanical breakdown of the plastron meshwork 
The surface tension of the tap water used was 72-8 dyn/cm. The surface tension 
of tap water kept in the chamber for various periods was determined in order to 
discover if it was appreciably lowered by surface active substances from the walls 
of the chamber or the grease used in sealing the chamber. It was found that the 
surface tension was not lowered, or lowered only by about 0-3 dyn/cm. However, 
in one instance the surface tension of the water kept for 2 days in the pressure 
chamber was lowered by some accidentally introduced substance to 66°5 dyn/cm 

The plastron of Nepa (‘Table 6) is not wetted when exposed to a head of water 
of about 17 ft for 24 hr, whereas the plastron of Ranatra (Table 7) is not wetted 
when exposed to 42 ft for a similar period. In nature the eggs rarely encounter 


such pressures even under conditions of severe flooding. As shown in Tables 6 and 


7, the plastron of Ranatra resists much greater pressures than does that of Nepa: 
80-90 per cent retain over 90 per cent of the plastron gas when subjected to 64 ft 
tor a few hours, and up to 70 per cent of the respiratory horns retain over 90 pet 


cent of the plastron gas when subjected to 3 atm for 1 hr 
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[he resistance of the plastron of these species, especially Ranatra, to excess 
pressures in clean water seems at first sight to provide such a wide safety margin 
against natural contingencies as to suggest that some other factor of selective 


I Nepa 


[AB 


Percentage 
retaining 
ver YOU 


of plastron 


advantage is here involved. For instance, it has been found that the plastrons of 


the terrestrial eggs of many Diptera resist greater excess pressures in clean water 


than do the plastrons of some aquatic insects. ‘This paradox seems to be explained 


by the fact that the surface tension of water in contact with the decomposing 
materials in which the flies lay their eggs is much lowered by surface active 
substances. It has even been possible to show that the resistance to wetting in 
clean water of the plastrons of species laying in cow dung is much less than in 
species laying in carrion or decomposing fungi: the surface tension of the pools 
of water that collect on cow dung is lowered to about 50 dyn/cm, whereas on 
carrion the surface tension is lowered to about 40 dyn/cm (HINTON, 1960a, b, c) 
‘he surface tension of a variety of streams was found to range from 70 to 73 dyn/cm 

Che great resistance of the plastrons of the Nepidae to wetting in clean water 

excess pressures would be readily understood if under natural conditions they 


i 
are sometimes exposed to water of low surface tensions. With this in mind, 


measurements were made of the surface tension of the ponds, marshes, and canals 
in which the species were found. With one exception the surface tensions wer 
from 68 to 73 dyn/cn lhe exception was an abandoned section of 

at Limpley Stoke, Wilts., in which only Nepa was found. ‘The water was 

king from decomposing vegetatior lhe surface tension of some 


as 60 dyn/cm. In all samples taken from this water, the surfacc 
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tension rose on standing for some minutes to as much as 68 or 70 dyn/cm. from 
which it seems that the surface active substance chiefly responsible for lowering 


the surface tension was highly volatile 


URES 


> 
Ranatra 


Even if it could be demonstrate d that the eggs ot the Ne pida are occasionally 
exposed to very low surface tensions, this hardly could 


be evoked to account for 
the great resistance of their plastrons in clean water: the environments in whicl 
the eggs occur are such that the very flooding necessary to produce high pressure 
will also dilute the surface active substances and so increase surface tensiot 


consideration does not nece ssarily apply to the dipt rous eggs 
The latter are often laid in 


be no turbulence, and the 


} re’ iously mentio 


cracks and crevices Ir such nvironmel 


surtace tension of the water imme diately 
ictive substances diffusing out of the 
materials in which the vy re laid 


eggs will be lowered by surfacs 


DISCUSSION 
\ compre hensive survey of published work on the structure of the egg-shells of 
terrestrial Hemiptera-Heteroptera has been given by SourHwoop (1956) 
It appears that for no species in the suborder is there an adk 
respiratory system of the shell. Fron 


the 


quate account ofl the 
i 
preliminary work on the ¢ rvs OT 


_ 


" ry 
nNco}l 


Pentatomomorpha and Cin it would seem that the respiratory 
of all conforms to a basic pattern. The inner chorion is modified to forn 
meshwork that holds a continuous film of air in its interstices \eropyles 
that extend from the meshwork to the surface of the shell provide a direct ro 
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the exchange of gases between the atmosphere and the layer of air in the inner 
chorior In terrestrial f is the aeropyles, which may be simple or distally 
branche d, are usually restricted to som« part of the anterior re gion of the she ll, and 

they sometimes open externally on rather complex structures 
From the accounts that have been given of the shell of Rhodnius prolixus Stal 
(BEAMENT, 1946a, b, 1947, 1948; WIGGLESWORTH and BEAMENT, 1950), it would 
the respiratory system of this species differs fundamentally not only 
that of other Reduviidae but also from that of all other known terrestrial 
Heteroptera. According to BEAMENT, the second laver of the shell, counting from 
inside, is a solid layer which he has called the ‘resistant protein layer’. ‘The aeropyles 
(pseudomicropyles of BEAMENT) end blindly in it. WiGGLEsworTH and BEAMEN1 
1950, p. 431) claim that, ‘It is evident that in the Rhodnius egg there is no free 
Che air, and the cobalt sulphide which replaces it, merely permeat 

f a solid protein layer.’ 

rk on the oxygen uptake of the embryo of Rhodnius, ‘Turt (1950) has 
gas spact outside the serosa is a theoretical necessity 
applying kerosine to the aeropyles on the rim 
g the layer of gas being displaced. He assumed that the 
was between the shell and the serosa. ‘Turt’s experiments 
intact shells, hatched shells, and fragments of shells. When 


hatched shells and fragments of shells are used it is quite clear that the gas laver 


is contained within the shell itself. When the shell of an allied species, Triatoma 


infestans Klug, was treated in th ume way, the same results were obtained. The 
individual struts of the meshwork layer of Rhodnius cannot easily be resolved with 
the light microscope, but those of 7riatoma infestans, in which species the mesh 


work layer is much thicker, are more readily resolved. ‘The meshwork layer of 
Rhodnius and Triatoma is supported on th r side by a thin and continuous 
sheet of chorionin, which its the innermost layer of the shell. Butyl alcohol and 
paraffin oil applied to the undamaged inner surface of the layer do not displace the 
air in the meshwork 

From what has been said in the preceding paragraphs, it will be clear that 
contrary to the interpretation of BramMent, Turt, and WIGGLESworTn, the 
respiratory system of the shell of Rhodmius is similar to that of other Reduviidac 
ind to that of the terrestrial Heteroptera generally 

lhe respiratory system of the Nepidae is essentially similar to that of th 
terrestrial Heteroptera. It differs from that of all terrestrial forms at present 
known in that the aeropyles are present in most parts of the shell instead of being 
confined to a small area. Plastrons are sometimes evolved in terrestrial forms 
but apparently never on respiratory horns like those of the Nepidae. Aeropyles 
distributed over most of the shell occur in at least some othet Cryptoce rata such 


it t tre llr spact ina 
balt sulphid Ihe quite differet 
have been trod j tl terature a lt of using the 


xd ha been examin by INTON (1959. 1960c) an« NDERSON (1960 
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as the Gelastocoridae and Belostomatidae, but all aquatic ¢ ryptocerata except the 
Nepidae lack respiratory horns. The structure of the shell wall of the Belosto 
matidae is very similar to that of the Nepidae, a family to which they are generally 
supposed to be closely related In at least some Belostomatidae there is a 
spicuous chorionic hydropyle similar to that of the Nepidae. Live eggs of 
Gelastocoridas and Belostomatidas have not been available, and it is therefore 
not possible to say whether the meshworks of the inner chorion 
as in the Nepidae, or whether they are water-filled, as in some of the 
Cryptocerata 

When evg are ten poraril 
through the shell wall greatly 
time that they can withstand 
nature Lhe compensating 
is dependent on the external e1 
from what has been said befi 
cyvy has aw I] ce ve lop d 
aecropyles of cour 
meshworks. but one th: carcely | of anv major si¢ 
with the respiratory ri 1 t umeter of the distal 
branches is about 0:1 
the total water—air interfac: led by ti 7 000 
‘he total cross-sectional area of t iratory horns 
pl istron 1s about 00-0075 mn 
in comparing oxygen uptake thro 
horns it has to be noted that 
little as a sixth of that of th 
air within the acropyl sas li d by ' of diffusior 
the acropyles, i rate which ts 3 | ics han in au ind (3 
pressure 1n the algal mat in vy he v ire often laid 
very low levels and oxvgen might in fa times diftus« 
the 1eropyles 

As we have seen, th tructure of the respiratory 
containing layers of the sl wall ich as to provid 
tidal flow lhe interstic 


as the mean fre« path of the gases being ex ng é 1O1 path is ‘ 


from the most proxin al part of the plastron to the nearest meshwork of th 
wall it is about 1-1 mm, and to th est meshwork at the posterior pol 
shell it is about 2-9 mm. The egg has to get rid of carbon dioxide. the mol 


of which diffuse slightly more slowly than those of oxvgen. Some carbon « 


diffuse out through the r spiratory horns and some through the acropyles 


aeropyles of course provide a direct and very much shi bout 25 x) ro 


the escape of carbon dioxide. The phase change invol at the ; water int 
at the distal ends of the aeropyles will have nothing like the braking power for 


carbon dioxide that it has for the much less soluble oxygen. However, the selective 
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disadvantage of the aeropyles in permitting the rapid desiccation of the eggs 


would seem to outweigh altogether any advantage they may confer by providing 


a short route for the escape of carbon dioxide. 
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THE SCENT OF QUEEN HONEYBEES (A. MELLIFERA 1.) 
THAT CAUSES PARTIAL INHIBITION OF QUEEN 
REARING 


Abstract 


INTRODUCTION 
ubstance produced by the queen honevbec 
identified ind synthesized this 


(1961) found tl 
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alone partially inhibits 
acid to give complet 


velopment worker bees was inhibited 
oxodecenou iCSS than by an ethanol 
extract of mated queen acid 4 queen scent, etc.), 


ind PAIN’s (1961) contentio1 ays an important part in such 


inhibition ts probably correct 
; have now been made to find out whether virgin queet iso produce 


an inhibitory scent and where in a queen thes« originate 


EXPERIMEN'TAI 


Experiment | 
lo determine gin queen inhibits queen 


( iwed with six young workers, 
yf pollen candy. and water, ind kept at 3? 


is were Cac! 
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rHE SCEN OF QUEEN HONEYBEES i 


\fter 6 days each queen with her workers was placed in one half, ‘A’, of a Px rspex 


(10x 12x 10cm high) separated from the other half, ‘B’, by a vertical, 


; \’ and 


‘B’ each contained a small piece of worker comb, sucrose candy, and water. A 
Part ‘B’ of each cage 


Cage 


double wire-gauze screen (3 mm mesh) with the two lavers 6 mm apart 


further twenty cages contained only comb, candy. and water 
5 hr after the experiment was set up six young worke1 


Lhe 


contained 150 workers 


larvae were placed in separate cells in the comb in part ‘B’ of each cage 


emergency queen cells produced were counted the next morning 


‘TABLE 1—EFFECT O1 


OUEFENS ON EMERGENCY 


lable 1 shows that the differenc: between treatn 
significant (P< 0-001): ie. the scent of the virgin queen 


rearing [BuT Ler et al. (1961) found that sight and soun 


ind B 
inhibites 


have 
ettect] 


Experiment 


lable 2 shows the results of a simi 


\Vlean point 
per cage 


S.E. of mear 


Che difference between treatments A and B is significant (P 


scent of the virgin queens partially inhibited queen rearing 
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Experiment 3 

To compare the inhibitory effect of the scents of young (4 day) and old (20 day) 
virgin queens. The technique was the same as that used in the two earlier experi- 
ments. ‘Twelve cages with 4-day-old virgin queens, six with 20-day-old virgins, 


and twelve without queens were used. 


TABLE 3—COMPARISON OF INHIBITORY EFFECT ON QUEEN REARING 
OF SCENT OF YOUNG (4 DAY) AND OLD (20 DAY) VIRGIN QUEENS 


Treatment A Treatment B Treatment C 
Controls 4-day-old 20-day-old 
No queen virgin queen virgin queen 


Mean points 
per cage 3-17 1-50 
S.E. of mean 0-80 0-96 


Scoring system as in ‘Table 


Table 3 shows that the difference between treatment A and treatments B 
(P<0-05) and C (P<0-01) are significant, but the difference between treatments 
B and C is not significant: i.e. the scent of both the young and the old virgin queens 
had some inhibitory effect on queen rearing but the results do not show whether 
one was more effective than the other 


Experiment 4 


To compare the inhibitory effect of the scents of young (5 day) virgin queens 


and old (1 year or more), mated, laying queens. ‘Technique as in previous experi- 


ment. ‘l'welve cages with 5-day-old virgin queens, eight with old, mated, laying 


queens, and twelve without queens were used. 


‘TABLE 4—COMPARISON OF INHIBITORY EFFECT ON QUEEN REARING 
OF SCENT OF YOUNG (5 DAY) VIRGIN QUEENS AND OLD (1 YEAR OR 
MORE), MATED, LAYING QUEENS 


‘Treatment A Treatment B ‘Treatment C 
Controls Young Old, mateds 
No queen virgin queen laying queen 


Mean points 


per Cage 
S.E. of mean 


Scoring system as in ‘Table 1 


Table 4 shows that the difference between treatment A and treatments B 
(P< 0-05) and C (P< 0-001) are significant, and the difference between treatment 
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B and treatment C (P< 0-001) is highly significant: i.e. the scent of the old, mated, 


laying queens inhibited queen rearing much more than that of the young virgin 


queens. 
Experiment 5 

To determine whether the inhibitory scent is produced in a queen’s mandibular 
glands. 

Twelve normal, mated, laying queens and twelve similar queens whose 
mandibular glands had been removed by the method of Gary and Morse (1960), 
and twelve control cages without queens were used, the technique being the same 
as in the previous experiments. All the queens were caged for 5 days at 32°, after 
the mandibular glands were removed from twelve, to allow those operated on to 
recover fully and any mandibular gland secretion on their bodies either to be 
removed by their attendant workers or to volatilize. 


TABLE 5—EFFECT OF SCENT OF NORMAL, MATED, LAYING QUEENS, AND OF 
SIMILAR QUEENS WITHOUT MANDIBULAR GLANDS, ON EMERGENCY QUEEN 
CELL PRODUCTION 


Treatment A Treatment B Treatment C 
Controls Normal, mated, Mated, laying 
No queen laying queen queen without 

mandibular glands 


Mean points 
per cage 0-00 
S.E. of mean 0-00 


im lable l 


‘Table 5 shows that the differences between treatment A and treatments B 
(P<0-001) and C (P<0-001) are highly significant, but the difference between 
treatment B and treatment C is not quite significant at the 5 per cent level: i.e. 
the scent of a mated queen without mandibular glands partially inhibited queen 
cell building and could not be shown to be less able to do so than the scent of a 
normal, mated queen. 


Experiment 6 

To determine on what parts of a queen’s body the inhibitory scent is found 

Perspex cages were used, as in previous experiments, but the double wire- 
gauze screen separating the two parts of each cage was replaced by a rubber 
diaphragm. A small hole was made in the centre of each diaphragm and an 
8-day-old virgin queen thrust through it so that she was tightly held round her 
waist. ‘The seal round her waist was probably air-tight or almost so. ‘The bees on 
one side of the diaphragm (i.e. in one half of the cage) could feed the queen and 
smell and touch her head and thorax and their appendages; the bees on the other 
side could smell her abdomen and collect her excrement and any eggs she dropped, 
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Because the inhibitory scent is abundant on a queen’s head and thorax, as well 
as on her abdomen (Tables 6, 7), it is unlikely to be the scent of her excrement, 
eggs, or secretions of exclusively abdominal glands, unless, of course, she spreads 
the scented material over body her and it is very persistent 

Gary (1961) measured the attractiveness to worker bees of normal virgin and 
mated, laying queens and also of similar queens without mandibular glands, and 
concluded that most of a queen’s attractiveness comes from a scent produced in 
her mandibular glands (see also BuTLER, 1960c). Because removal of a queen’s 
mandibular glands left her with much of her inhibitory power (Table 5), this 
inhibitory scent may be distinct from a queen’s attractive scent. However, this 
point can probably only be settled when either the inhibitory or the attractive 
scent has been isolated pure. Progress in this direction has been made and will 
be desc ribed elsewhere 

In conclusion, it seems clear that a queen honeybee has at least two, possibly 
three, distinct scents: a virgin or mated, laying queen scent that enables worker 
bees to distinguish quickly between these two kinds of queens (BUTLER, 1954b), 


scent found all over her body that inhibits queen rearing, and possibly a separate 


attractive scent mainly produced in her mandibular glands (BuTLER, 1960c; 
Gary, 1961) 
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THE OXYGEN AND WATER REQUIREMENTS OF THE 
EGG OF OCYPUS OLENS MULLER (STAPHYLINIDAE. 
COLEOPTERA) 


D>. ¢ R. LINCOLN 


Department of Zo« 


INTRODUCTION 


OCYPUS OLENS 1s frequently met with under stones or hunting actively in the open 
on hot sunny days. The egg attracted the attention of PAULIAN (1941), who 
remarked on its extreme size and the presence of the ‘equatorial band’. ‘This 
band forms a conspicuous dark-coloured ring round the middle of an otherwise 
white egg. Under natural conditions eggs are found in damp situations: under 


stones and cow-pats and in silage and other rotting vegetation 


EXPERIMENTAL METHODS 


All eggs used in this work were obtained from cultures. Eggs deposited in 


moist soil were removed, washed in distilled water, and transferred to Petri dishes 
lined with damp filter paper. Each female laid 150-200 eggs. ‘The eggs wer 
deposited at night at an average rate of one egg per day over a season which extended 
from September to March. Females copulated at least three or four times 

The experiments were designed to show the water content of the egg at ovi- 
position and during development, and the conditions under which water was 
taken up from the environment. Respiration was determined by means of a 
modified Scholander micrometer burette differential respirometer (GLICK, 1949), 
sensitive to about 0-01 yl/hr. The micrometer incorporated in the Scholander 
apparatus was replaced by an Agla micrometer syring« All experiments were 
conducted at 20°C 

The normal rate of respiration was determined and compared to that of eggs 
under two experimental conditions. In one experiment the chorion of the egg was 
flooded with water. In the second the egg was submerged beneath a layer of water 


trapping air in the chorion 
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Drying at 0 per cent r.h. for 24 hr was found sufficient to kill eggs at all stages 
of development. 


Fic. 2 Rate at which water is lost from 6-hr and 5-day-old egg of Ox vpus olens 


Uptake of water and associated volume changes 


When a developing egg of Ocypus olens is placed in a shallow layer of malachite 
green, water can be shown to be taken up by the egg through the equatorial band. 
Only the equatorial band of that half of the egg in direct contact with the stain 
shows any coloration. 

Uptake of water through the equatorial band was demonstrated in the following 
experiment. ‘len eggs 6 hr old were placed in polythene containers. ‘To each egg 
a thin strip of damp filter paper was attached running out of the container to a 
reservoir of water. Five of these eggs had the strip adhering to one end, and the 
remaining five to the equatorial band. ‘Two further batches of ten eggs were placed 
in polythene containers and exposed to 100 and 80 per cent r.h. respectively. 
Corresponding controls to each experiment using dead eggs were included, and 
all eggs were weighed twice a day. The results are shown in Fig. 3. 

Increase in the size of the eggs was measured by means of an eyepiece micro- 
meter. ‘Ten fresh eggs were placed on damp filter paper in a Petri dish and their 
length and breadth measured every day. From these increases the volume changes 
were calculated (‘Table 2) and plotted (Fig. 4). 

From Fig. 3 it is seen that the greatest increase takes place with water passing 


in through the equatorial band in the liquid phase. Even at a relative humidity 
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of 100 per cent little increase in weight takes place. From Fig. 4 it can be shown 
that the volume of the egg doubles over the first 8 days. These results agree in 
general with those of JOHNSON (1937), Kerenski (1930), and others 
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Respiration rate 
Before the respiration rate was measured, the eggs were washed in an antiseptic 
to kill any bacteria adhering to them. Fig. 5 shows the respiration rate of a 
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DISCUSSION 


days of development the wet weight of the egg increases by 


volume approximately doubles. ‘The egg when first 


increasing to 4-0 3-0 mm after 8 days. JOHNSON 


eggs of Notostira erratica do not contain sufficient water when laid 


» complete development. Increase in the water content of the egg can occur by 
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the production of metabolic water from yolk within the egg. JOHNSON calculated 


‘ ‘ 


that the oxidation of fats equal in amount t gi the complete egg at 


oviposition would give an increase in weight of ly From this tt car 
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cent r.h. water is slowly lost to the air from an actively developing egg. Control of 
water loss is shown only in those eggs with a fully formed serosal cuticle. The 
degree of desiccation which an egg can withstand is quite small and the egg soon 
dies; the remaining water in the egg is quickly lost. Uptake of water takes place 
in the liquid phase through the equatorial band, as shown in Fig. 3; even in 
saturated air a negligible amount of water is absorbed 

lhe respiration rate of a freshly laid egg rises as the chorion dries, reaching a 
maximum of 1-8 yl/hr. When the egg is immersed in water, the rate drops to 
0-4—0-5 ul/hr. Under such conditions it will survive for 3—4 days. This rate of 
respiration is not sufficient to maintain normal development but is sufficient to 
maintain the life of the egg. If the egg is flooded with alcohol and washed immedi- 
ately in distilled water, the respiration rate drops to a scarcely detectable level and 
the egg soon dies 

It appears likely that the equatorial band serves a dual role. Uptake of water 
via the equatorial band takes place through that half of the egg which is in direct 
contact with the substrate In this way the top half of the egg remains relatively 
dry, facilitating the entry of oxygen into the chorion. Some oxygen may pass into 
the egg through the few open secondary holes in the chorion 

In conditions where the egg is submerged, the equatorial band functions as a 
partial plastron allowing survival of the egg for a few days even though active 
deve lopme nt ceases 

Diffusion takes place across a water—air interface of slightly more than 0-13 mm* 
supplied by the openings of some 4000 aeropyles arranged equatorially around the 
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THE EFFECTS OF ANAEROBIOSIS ON THE GIAN' 
SILKWORMS HYALOPHORA CECROPIA AND 
SAMIA CYNTHIA WITH SPECIAL REFERENCE TO THI 
ACCUMULATION OF GLYCEROL AND LACTIC ACID 


R. C. WILHELM,* H. A. SCHNEIDERMAN 


Abstract 
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acid is not a major end-product of anaerobic metabolism and that insects are 
commonly deficient in lactic dehydrogenase. ‘The present study was begun in an 
effort to resolve these apparent contradictions. It soon became evident that a 
strategic end-product of anaerobic metabolism was glycerol. 

Che accumulation of large amounts of glycerol by insects was reported inde- 
pendently by Wyatr and Karr (1958) in the blood of the giant silkworm, 
Hyalophora cecropia, and by Cuino (1957b, 1958) in diapausing eggs of the 
silkworm, Bombyx mort. When the embryos entered diapause, virtually all of the 
glycogen disappeared from the egg (CHINO, 1957a) and equivalent amounts of 
glycerol and sorbitol appeared. Glycerol and sorbitol remained in high concentra- 
tions until diapause ended, at which time they were reconverted into glycogen 
\ naerobiosis accelerated slightly the decrease in glycogen, but the resvynthesis 
of glycogen at the termination of diapause failed to occur anaerobically. 

\ similar accumulation of glycerol was found in the blood of the Cecropia 
silkworm by Wyatt and his co-workers (1958-1959). Glycerol first appeared in 
the blood at pupation, and the level increased until concentrations of about 300 mM 


were reached in the diapausing pupa 220 days after pupation No sorbitol was 


found 


in these insects, but small amounts may have been prese nt since the method 
used for glycerol analysis was nonspecific. With the termination of diapause and 
the initiation of adult development, the level of glycerol dropped very quickly and 
glycerol was not detected in developing adults on the day before emergence 

\ possible physiological rationale for this accumulation of glycerol was suggested 
by Sat (1958, 1959) who proposed that the build-up of glycerol in insect tissue 
was part of a device to protect the tissues from low temperatures. He showed 
that larvae of Bracon cephi contain concentrations of glycerol as high as 5 molal 
ind withstand supercooling to as low as —40°C 

he data at hand thus suggest that the accumulation of large amounts of 


glycerol is often associated with diapause. It is worth recalling that the onset of 


diapause is commonly accompanied by a sharp drop in respiratory rate, a fact 
iar to entomologists since the fundamental experiments of HELLER (1926). 

in the Cecropia silkworm just prior to spinning, larval oxygen 

1100 mm*/g/hr and by 10 weeks after pupation the respiratory 


15 mm?*/g/hr or 1-4 per cent of the rat found in the mature larva 


EIDERMAN and WILLIAMS, 1953). ‘The oxygen consumption of the diapaus- 


ing pupae remains at this low level until about 10 days before the first visible 
signs of adult development, at which time the oxygen consumption again increases 
\ similar pattern occurs in Cynthia 

[hese changes in respiratory rate are associated with changes in the cytochrome 
systen In particular, in most pupal tissue, except the abdominal muscles, 
cytochrome c decreases in amounts relative to cytochrome oxidase, and this 
unsaturation of cytochrome oxidase makes respiration insensitive to carbon 
monoxide and cyanide (SCHNEIDERMAN and WILLIAMS, 1954; SHAPPIRIO and 
WituiamMs, 1957a, b; HARVEY and WILLIAMS, 1958a, b; KURLAND and SCHNEIDER- 


IAN, 1959; SHAPPIRIO, 1960). ‘Thus the pupal tissues appear to have a defective 
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cytochrome system which limits electron transfer to oxygen. By contrast the 
tissues of the larva and developing adult appear to have a normal complement of 
cytochromes 

These observations on the cytochromes form the basis of a biochemical 
mechanism for glycerol accumulation proposed by Cutno (1958) and by Wyatt 
and Meyer (1959). These workers suggest that the reduction in th vels of 
cytochrome 6 and ¢ which characterize diapause causes a build-up of reduced 
diphosphopyridine nucleotide (DPN) which is re-oxidized by «-glycerophosphat« 
dehydrogenase. ‘This enzyme is active in Cecropia tissues (WYATT and MEYER, 
1959) [he a-glycerophosphate formed is apparently dephosphorylated in the 
tissues, since «-glycerophosphate does not seem to be converted to 
Cecropia blood (WyatTT, 1960) 

If the accumulation of glycerol does in fact reflect a partially anaerobic meta- 
bolism, then glycerol might be expected to be an end-product after complete oxygen 
deprivation. The present study of end-products of anaerobic metabolism neces- 
sarily examines this prospect. It will be shown that both glycerol and lactic acid 
are major end-products of anaerobic metabolism. Evidence will also be presented 
concerning the source of the glycerol which accumulates aerobically, the sourc« 
of glycerol and lactic acid which accumulate under anaerobic conditions, and the 
mechanisms which control the rate of glycerol accumulation. It will also be shown 


that the relative proportion of different end-products of anaerobic metabolism 


depends upon the physiological state of the insect and upon the temperatur: 


MATERIAL AND METHODS 

Treatment of pupae 

Pupae of two closely related Saturniid moths, Hyalophora cecropia and Samia 
cynthia, were used as experimental animals. Most of the Cecropia were reared from 
eggs under field conditions near Ithaca, during the summers of 1956-1959. A few 
were collected in nature. All of the Cynthia were collected by a dealer. A total of 
200 Cecropia and 110 Cynthia were individually analysed 

When pupae of precisely known age were required, small holes were cut in fresh 
cocoons, and, at specific times after the observed pupation, the animals were used 
in experiments. Ordinarily, animals were stored at 25°C and 60-70 | cent 
relative humidity 

Pupae to be injected with glycerol or Ringer’s solution (EPHRUssI and BEADLE, 
1936) were first anaesthetized with carbon dioxide and injected in the thorax with 
a microinjection device accurate to +0-5 ul and furnished with a No. 26 gaug« 
needle. ‘The wound was sealed with paraffin 

Pupae were maintained anaerobically in a 2 litre Erlenmeyer flask with a stop- 
cock sealed to its side and a ground-glass stopper. ‘The flasks were prepared for 
use by flushing them with pure nitrogen for several minutes. 100 ml of Fieser’s 
solution (Fieser, 1924), a powerful oxygen absorbant, was added to the flask, 
along with 2 ml of saturated lead acetate solution. ‘The pupae were placed in a 


centrifuge tube and suspended in the flask. Nitrogen flow was continued for about 
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4 minute. where upon the flask was sealed and pe riodically swirled to absorb the 
residual oxygen. Flasks were stored at specific temperatures for predetermined 
periods, after which they were opened and the pupae removed. In some experi- 
ments, pupae were immediately frozen (i.e. within 15 sec) in liquid nitrogen or in 
dry ic¢ In r cases, they were allowed to recover from anaerobiosis for specinc 
periods and then frozen 

\fter freezing the insects were ground in dry ice to a powder. ‘The powder 
was put in a chilled centrifuge tube which was then placed in boiling water until 
the dry ice had been removed. 25 ml of boiling water were then added to each 
tube, and the tubes were left boiling for 15 min. ‘Thereupon, the tubes were cooled, 
their contents homogenized in a glass homogenizer and then made up to a final 
volume of 35-100 ml. From these homogenates aliquots were withdrawn fot 


4 he mical analy Secs 


Inalytical procedures 

Glycerol was determined by the method of LAMBERT and NetsH (1950) as 
modified by BuRTON (1957). All values were corrected for interference by trehalos« 
which was assumed to be the non-glycogen sugar present in the pupae. ‘This 
correction was negligible and usually amounted to less than 1 per cent of the glycerol 
value. Duplicate determinations on the same homogenate varied less than +4 pet 
cent 4-Gly cerophosphate was determined by the method of Leva and Rapoport 
(1943) using the total phosphorus method of Fiske and SusBarow (1925). Dupli- 
cate determinations varied by less than 3 per cent 

‘he anthrone method of SEIFTER et al. (1950) was used to determine the total 
sugar. Sugars which form a furfural structure react, but DNA and RNA give no 
colour. Glucose served as a standard. Duplicate aliquots varied by less than 


2 pel cent 


Glycogen was determined by the method of SEIFTER ef al (1950) Duplicate 


aliquots varied less than 2 per cent 

Lactic acid was determined by the method of BARKER and SUMMERSON (1941) 
Samplk s of 5—30 ue were assayed with an accuracy of 2 per cent 

[otal nitrogen was determined by a modification of the Kjeldahl method 
described by Hawk et al. (1957). After the digestion of 1 ml samples in concen- 
trated H,SO,, CuSO,, K,SQO,, and a selenized Hengar granule, the ammonia was 
illed into dilute HCI and an aliquot of the solution was analysed by nessleriza- 
(0-2 ml of sample, 2-3 ml of H,O, 1-0 ml of Nessler’s solution (Umpreir et a/., 
1949) and 1-5 ml of 5 N NaOH). Absorption was measured at 490 mu and com- 
ired with a standard curve newly made for each group of determinations 
ates of the colour reaction, as \ as duplicat s from the original homo- 

) per c nt 
ressed on a nitrogen basis because it eliminated the necessity 
transfers during the preparation of the homogenates. It was also 
possible to include both female and male pupae in the same experiment for the 


levels of the metabolites studied wer equivalent on this basis. Because the mak 
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contains more fat than the female (GILBERT and SCHNEIDERMAN, 1959), the levels 


of the same metabolites would appear lower in the males on a live or dry weight 


basis. It was assumed that no nitrogen was lost from the insect during the experi- 
i 


ments 


RESULTS 


lin Cecropia silkworms 


Vormal aerobic accumulation of glycerol 


l'o establish normal le vels of metabolites. the content of glycerol and other 


metabolites was determined during the larval pupal transformation and the early 


} 


days of pupal life. ‘Table 1 reveals that the content of glycerol was low in the fifth 


stage larva and prepupa, but began to rise at pupation. Glycerol increased rapidly 
during the first few days of pupal life (about 50 ug/mg N/day), and then rose more 


slowly until, after about 60 days, it had levelled off. As far as other metabolites 
’ 


were concerned, glycogen and other sugars were rapidly synthesized during 
first 2 days after pupation. ‘Thereafter, they decreased in amount, and the dect 


in glycogen appeared to be balanced by an increase in g 


although the glycerol content of the 
much higher than that of the corresponding 
glycerol plus glycogen in both groups w 


a greater conversion of glycoge! 
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[his inverse relationship between the content of glycogen and glycerol is also 
evident in occasional pupae which had unusually high or low glycerol or glycogen 
values when compared to the group as a whole. In such individuals, the sum of 


glycogen and glycerol was nevertheless close to that of the mean for that group 


the 
of pupae. This suggests that the amount of glycogen that is converted to glycerol 


varies among individuals and also seasonally. 

It should be noted that the apparently rapid rise in both total sugar and glyco- 
gen from the larva to the prepupat does not represent a net synthesis of these 
compounds. Just prior to spinning the larva voids most of its gut contents. Since 
the determinations are on a mg N basis the jump in values may represent in part 
a sudden decrease in N due to this defaecation and to the great nitrogen loss 
involved in the spinning of the cocoon. However, the rise occurring from the 


newly pupated insects to the 2-day-old pupae cannot b« explained in this manner. 


Stimulation of glycerol accumulation by oxygen-lack 


Having established normal levels of metabolites in pupae of various ages, the 
effects of brief periods without oxygen were examined The accumulation of 
glycerol, seen in Table 1, was greatly stimulated by keeping pupae anaerobically 


for short periods. As Table 2 shows, in the absence of oxygen, pupae rapidly 


TABLE 2 rs OF ANAEROBIOSIS ON CECROPIA PUPAE (1959) 


Lact acid Glycerol 


PF meg N) (ug me N) 
15 days after pupation 


1940 100 
1493 + 105 


per if 
pe cel 


per cent le (1 


synthesized glycerol at the expense of glycogen. Lactic acid also accumulates, 
but there are other end-products as well, for stoichiometric amounts of glycerol 


and lactic acid were not formed from glycogen 
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Che accumulation of glycerol in the absence of oxygen was not demonstrable 
in pupae that already had a high content of glycerol; or in fresh pupae. ‘Thus, in 
an experiment conducted a year earlier with pupae that had a higher content of 
glycerol (1200 ug/mg N) than those described in Table 2, the absence of oxygen 
failed to stimulate the accumulation of glycerol, although it did promote the 
accumulation of lactic acid and a-glycerophosphate. In a further experiment, 
2-day-old Cecropia pupae were kept without oxygen. ‘These fresh pupae also 
failed to exhibit a substantial increase in glycerol content, although glycogen was 
broken down and lactic acid accumulated. This absence of glycerol accumulation 
probably stems from the fact that during this period just after pupation and before 
diapause is firmly established, the pupae undergo extreme changes in the levels of 
glycerol, glycogen, total sugar, and possibly fat, changes which may mask any net 


accumulation of glycerol as the result of anoxia 


3. Regulation of glycerol accumulation 


In an effort to determine what regulates the accumulation of glycerol, Ringer’s 
solution containing glycerol was injected into pupae. In interpreting experiments 
of this type it is essential to note that in these diapausing pupae a minor injury, 
such as a needle puncture, stimulates pupal respiration for several weeks 
(SCHNEIDERMAN and WILLIAMS, 1953; review by SHappirio, 1960). In newly 
pupated animals, injury-stimulated respiration is evident as a delay in the rate at 
which respiration decreases (KURLAND and SCHNEIDERMAN, 1959). Because of the 
metabolic effects of injury in all injection experiments it was necessary to use both 
injected and uninjected controls. 


In a typical experiment, glycerol in Ringer’s solution was injected into pupa 
) 


days after pupation, at a time when they were rapidly accumulating glycerol 
The amount of glycerol injected was sufficient to raise the glycerol content to 
1600 ug/mg N, which was just higher than the highest glycerol level found normally 
Control pupae were injected with corresponding amounts of Ringer's solution 
After 13 days ot incubation at 25 hel the glyce rol content of the glycerol- and the 
Ringer’s-injected groups and uninjected controls were compared. As Table 3 
shows, the injection of Ringer’s itself caused a marked increase in glycerol synthesis 
at the expense of glycogen. ‘The decrease in glycogen is also evident in the decreas« 
in total sugars. By contrast, the injection of glycerol inhibited the further accumula- 


tion of glycerol by 50 per cent 


4. Conversion of glycerol to elycoge n 

From the data presented thus far, it appears that glycerol is synthesized from 
sugars, mostly glycogen, early in pupal life, until a high concentration is reached 
lhe following experiment was designed to determine to what concentrations 
glycerol can accumulate, and whether glycerol will be metabolized if amounts 
greater than the normal maximum are injected. 2-month-old diapausing Cecropia 
pupae were injected with insect Ringer, or with glycerol to a concentration about 


three times higher (3500 »g/mg N) than the normal maximum. The pupae wer« 


incubated for 4 days at 25°C and then were analysed 
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glycerol was just balanced by a corresponding increase in glycogen, suggesting a 


juantitative conversion of glycerol and lactic acid to glycogen under these condi- 


Tions 
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When Cynthia pupae were chilled, or kept in the absence of oxygen, the decreas« 
in glycogen was greater than the decrease in total sugar. ‘Thus, under these condi- 
tions some glycogen was converted to other sugars. perhaps into trehalose (WYAT1 


and Kar, 1958) which is easily transported in the blood 
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pia and Cynthia 


6. Other anaerobic changes in Cecro 
Up to this point, attention has been directed to glycet 

ever, Lables 2—4 and 6-7 show that lactic acid is also a majo 

and accumulates during periods of oxygen-lack. Recognizing the occurren 

several end-products, it was of interest to discover whether the relative proportiot 


of these end-products remained constant, or whether the over-all pattert 


anaerobic metabolism varied during pupal life and under different temperaturé 


conditions. ‘l’o this end, the over-all anaerobic conversion of sus o glycerol, 


> | 


lactic acid, and other end-products was examine d it both 4-6 ¢ il d it 5 ¢ I 


pupae at various times after pupation, and at specific times before and after | 
of chilling. The changes that took place during aerobic recovery periods 
oxygen deprivation were also studied 

[he results of a large number of experiments can be summarized briefly 
in all cases lactic acid increased during anaerobiosis and the amount that accumu 
lated was proportional to the period of oxygen-lack. When returned to air, th 
insects recovered, and the lactic acid levels returned to normal. During recovery 
from oxygen deprivation, lactic acid and other end-products appeared to bi 
metabolized and not reconverted to sugar. Only if glycerol decreased during re- 


covery, was the synthesis of glycogen or other sugars seen 
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It was not usually possible to find a complete balance between metabolites 
ippearing (lactic acid, glycerol, a-glycerophosphate, and pyruvic acid) and 


ibout to initiate adult development, did a quantitative conversion of sugars to 
lactic acid and glycerol take place during a 24-hr period of oxygen deprivation. 
\fter 46 hr in the absence of oxygen this relationship was no longer evident 


t 


yr other sugars disappearing. Only in one case, where the pupae were 


yvcogen ¢ 


Usually only a 40-70 per cent conversion of sugars to lactic acid and glycerol was 
found and in one case where the glycerol levels were initially high, less than 10 


ducts accumulating during anaerobiosis at 25°C were accounted 


suggested that in addition to glycerol and lactic acid, 


ide nce 


inic, and malic acids might accumulate. The possibility that 


CCl 


] ’ 
sulated was not excluded 


DISCUSSION 


uiation of glycerol 
after pupation Cecropia pupae begin to accumulate glycerol and 


~ 


period of approximately months a typical 5g pupa will synthesiz 


r 
7 “7 ] 
5 and 5 mg of glycerol, 


by weight. In the present experiments this rate of production 


until it has a final glycerol content of between 


ist after pupation (50 wg/mg N/day) and decreases rapidly 
ys after pupation, its rate of production is less than 6 u»g/ mg 
reasonable in the light of the mechanism discussed in the 


the reductive synthesis of glycerol, because it 1s at the outset of 
} 


when respiration decreases most rapidly, that one might expect the 


i 


» of reduced pyridine nucleotides which are thought to stimulate 


itest build uj 
t 


rol 
} 


production ver, e high rate of glycerol production which w 
( I | what one would expect from the rates of glycerol 
nulation in the ood of ropia reported by Wyatt and Meyer (1959) 
workers report that glycerol accumulation in the blood was lowest in newly 

nals. ‘he reasons for this difference are not immediately apparent, 

lj simply reflect the tremendous difference between animals raised in 
different locales. Such differences are evident in the present experiments, wher« 


here was a three-fold difference in the glyce rol content of pupa of the sam« ag 
two different seasons (cf. ‘Table 1) 

source of the glycerol is very likely glycogen, since after the first 2 days of 

there is a correspondence between the amounts of glycerol appearing 

amounts of glycogen disappearing. ‘There also appears to be a mechanisn 

reconversion of glycerol to glycogen, since it was possible to cause a 

synthesis of glycogen from glycerol, by injecting high concentrations of glycerol 

into pupae (cf ‘Table 4). 
‘he rate at which glycerol builds up seems to depend to some extent upon th« 


glycerol concentration, inasmuch as injecting glycerol into pupae engaged in 
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glycerol synthesis inhibited further synthesis. Our experiments did not show the 


steady rate of glycerol accumulation reported by Wyatt and Meyer (1959) 


Inaerobic accumulation of glycerol 

he present experiments demonstrate, apparently for the first time, the 
anaerobic accumulation of glycerol by an intact insect. ‘This finding ts consistent 
with the mechanism for the normal accumulation of glycerol proposed by CHINO 
(1958) and Wyatt and Meyer (1959). Similar stoichiometric interconversions of 


glycogen and glycerol occur in diapausing Bombyx eggs (CHINO, 19538) 


Vetabolite levels in Cynthia 

Although there are no data on the metabolite levels in Cynthia during the first 
month of pupal life, it is clear that in the 1-month-old pupa glycerol had built 
up to about one-tenth of the concentration found in Cecropia and no further 
increase took place thereafter. ‘This confirms and extends the initial observations 
of Wyatt and Meyer (1959). The maximal level once reached could 
increased by anaerobiosis, or by further storage at room temperature The pupae 
certainly have the ability to produce reducing compounds as evidenced by th 
high lactic acid levels after 29 months of diapause, but the reducing compou 
do not lead to glycerol accumulation However, it 1s noteworthy that ( 
can be stimulated to produce 50 per cent mor glycerol when they are chilled 
either aerobically or anaerobically. ‘This does not seem to happen in Cecropia, but 

ugh basal levels of glycerol may mask small changes. How low tempera 


acts in Cynthia is not clear but this result finds a parallel in the recent repo 


DusBacuH et al. (1959) who showed that the carpenter ant, Campanotus pe 


vanicus, accumulated glycerol when chilled aerobically 


4. Lactic acid accumulation 
Even though large amounts of glycerol were commonly produced anaerobi 
by Cecropia pupae, the magnitude of the synthesis depended upon the phy 


logical state of the pupae, and indeed in some experiments vith Cecropia pu 


and in all experiments with Cynthia pupae, no anaerobic accun ilation of glv« 


was found. The percentage of the total sugar utilized during ana robiosis wl 


could be accounted for as lactic acid or glycerol al ari with th vsiolo 
State 

In contrast, however, in every experiment o1 both Cecropia 
conversion of sugar, mostly glycogen, to lactic acid took pla 
converted was proportional to the duration of anaerobiosis. In addition, 
acid levels always returned to normal when the pupae were allowed to rec 
alr ‘hese facts confirm the oxygen F I I lina preliminat 
(IXURLAND ef al., 1958), and indic: that la ehy genase is present i 
tissues 

It is clear that there are other products | nain unidentified. What 


CT these compounds are, it seen Y tLoey il ne y re mnverted to 


are probably easily oxidized. One woul pe hem te common n 
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intermediates. Succinic, malic, and possibly acetic acids have the required 
characteristics and an enzyme for malic acid synthesis from pyruvic acid occurs in 
Saturniid blood (FAULKNER, 1956). Furthermore, the anaerobic production of 
acetic acid in cockroach muscle has also been re ported (IKK UBISTA, 1958). 


Che invariability of this anaerobic accumulation of lactic acid testifies to its 


physiological significance. In this connexion it is worth recalling that all the lactic 


acid produced from carbohydrate must have arisen from the glycolytic cycle 
which is the only known metabolic pathway whereby ATP can be synthesized 
anaerobically. ‘The pathway from sugar to glycerol, on the other hand, does not 
yield ATP, but rather requires ATP. For example, the conversion of glycogen to 
one mole of glycerol requires energy in the form of one half mole of ATP and 
one mole of reduced pyridine nucleotide. ‘The number of sites of anaerobic ATP 
production is very limited, and calculations based on estimates of the concentra- 
tion of ATP and substances directly convertible to ATP in the Cecropia pupa 
suggest that the pupa does not contain nearly enough ATP to account for the 
observed anaerobic production of glycerol (WILHELM, 1960). Anaerobic produc- 
tion of ATP must therefore be taking place. 

In the light of these considerations, it seems that, from the physiological 
viewpoint, the pathway which leads to lactic acid is essential for A‘T'P production, 
and is therefore required by the insect for anaerobic survival. On the other hand, 
in the case of glycerol production it is not the process of glycerol synthesis, but 


the end-product itself, which appears to have physiological significance. 


tance of Mr VIARSHALL COHEN is gratefully 
Dr. V. Kusista for | helpful comments on the 
DV grant from the I nited stat Publi Health 


REFERENCES 


H. (1941 
(hen 138 


T ] cr t orbit ] 


Vature, Lond. 180, 606-607 





EFFECTS OF ANAEROBIOSIS ON GIANT SILKWORMS 


Fiske C. H. and Supparow Y. (1925) The colorimetric detern 
7. biol. Chem. 66, 375-400 
Gicpert L. |. and SCHNEIDERMAN H. A. (1959) Sexual dimo 
juvenile hormone content and size of corpora allata in Lepidopter nat 
Harvey W. R. and WiiuiamMs C. M. (1958a) Physiology of insect diapaus« 
sensitivity of the heartbeat of the Cecropia silkworm, with special 
anaerobic capacity of the heart. Biol. Bull., Woods Hole 114, 23-25 
Harvey W. R. and Wiiuiams C. M. (1958b) Physiology o 
mechanism of carbon monoxide- 
of the Cecropia silkworm. Biol 
Hawk P. B., Oser B. L., and St 
p. 881. Blakeston, New York 
Hecvter J. (1926) Chemisch« 
Biochem. Z. 169, 208-234 
Kusista V. (1958) Anaerobe Glycol) ind Insektenmuskeln. Brochen 
KURLAND C. G. (1957) The respiratory chain of diapausing silkworm pu 


of carbon monoxide-insensitive respiration. Unpublished thesis, ¢ 


KURLAND C. G. and SCHNEIDERMAN \ Ihe respiratory enz 


silkworm pupae; a new int 
Biol. Bull., Woods Hole 116 
KuRLAND C. G., SCHNEIDERMAN 
insects Inat. Rec. 132, 465-466 
AMBERT M. and NetsH A. C. (1950) Rapid met! 
solutions. Canad. 7. Res. (B) 28, 83-89 
ind Rapoport S. (1943) The 
J. biol. Chem. 149, 47 
r R. W. (1958) Rok 
points in an insect 
SALT R. W. (1959) Rok 
Zool. 37, 59-69 
HNEIDERMAN H. A. and W 
respiratory metabolism of tl 
Biol. Bu Woods Hole 105 
HNEIDERMAN H. A. and W 


Qualitative change 


; 


ck clopme 


FTER DAYTON 


(1960) Ow 
Inn. N.} 
1 Wy 





of insect diapaus« 


le-sensitivity siti vy during the pupal 


CHNEIDERMAN, AND L. J. DANIE! 


1960) Phospho levelopment. Proc. 4th int. Congr 
Proc. 10th 


1958) 12, 161 / 
inic components of insect hemolymph 


ind KALF G. I 
w. Ent. (1956) 2 
R i Meyer W 
Physiol. 42, 1005 
R., Meyer W nd R. (1958) Organic pho 
f the Cecropia s orm ‘ed ) 17, 340 

VicSHan W. H. (1957) Lactic and alpha-glycerophosphate dehydrogenases 


ana 


j e? Phy lo 40 7 y YI) 


lil Glycerol 


of insect hemolymp! 


sphates and glycerol ir 





A SEX-SPECIFIC NINHYDRIN-POSITIVE SUBSTANCE 
FOUND IN ‘THE PARAGONIA OF ADULT MALES OF 
DROSOPHILA MELANOGASTER 


CHEN and C. DIEM 


Abstract— lhe 


ere 


INTRODUCTION 
Sexua.L differences in free ninhydrin positive substances of insects have been 
reported by several authors. CHEN (1958) found that in the adults of Culex pipiens 
the content of S-alanine is distinctly higher in males, whereas in females there is a 
higher concentration of methionine sulphoxide KAPLAN ef al. (1958) reported 
that adult females of Drosophila melanogaster contain twi is much methionine 
as the males. In his studies on free amino acids and peptides in Drosophila 
melanogaster, Fox (1956a, b) recorded a peptide in males but not in females. In 
a recent paper Fox et al. (1959) stated that this difference may also exist in other 
insects, especially Diptera. ‘These authors have also presented evidence to show 
that adequate chromatographic methods have to be used to demonstrate the 
peptide reported by them. In order to get more information about this problem 


further experiments have been carried out in our laboratory. We found a fre 


ninhydrin-reacting component in the paragonia (accessory glands) of adult males 


of Drosophila melanogaster which obviously corresponds to the ‘sex peptide’ 


reported by Fox. Because of its specific location in the paragonia 1t will be termed 
the paragonia substance (see spot No. 10 in Fig. 1). However, in Culex prpiens and 


C. fatigans this substance either occurs in an extremely low concentration or ts 


He 





essential points concerning 


I tre mosquitoes will be 


VIATERIALS AND METHODS 
tf Drosophila melanogaster present s 

the sta! meal—agar—veast 
of desired ages 

ifuging, the 

paper (24 x 46 cm) 

xls have been used for separating 

nol extracts In the first method 

g direction for 10-14 hr, 
20-22 hr 


yropano ait 
for 


direction fe 

Vl borate butter (pH SO) was 

nol : acetic acid : water in a mixture 
For qualitative analysis the 
n solution and heated at 90 
odified method of FIscHER and 
ws: [The chromatogran 
solution. After develop 


vere cut out ind dippe d 


rY 


spots 
rT | ml of saturated iqueous 
ith ethanol) Lhe colour 


Beckn il model [>I 


at in the two dime nsional 


ly in this laboratory. no 
Drosophila melanogaster 
vater-saturated phenol 

il. (1959) showed 


According 


Water inst ad 
dimensional « hromato 


wccordit gy to oul method 


nt of ninhydrin (0-01 


transi rred dire ctly to a new sheet in the following 


coloured spot was cut out of tl chron atogram, folded, and 


Its lower end was dipped into distilled water, 








P. S. ( 


Inalysis of individual organs 
\ccording to our previous study (CHEN, 1958) in Culex pipiens the sexual 

ferences in $-alanine and methionine sulphoxide between males and females 

not directly related to the reproductive glands. It was concluded that there 1s 
a general difference in_ the metabolism between both sexes of the 
mosquitoes. In ord wh 1e male-specific ninhydrin-reacting 
component found in Drosophila melanogaster is due to 1 
adults aged 8-10 days were separated between thorax and abdomen 


and posterior parts of fifteen individuals wer« collected, extracted, and chromato- 


he genital organs, mal 


Che anterior 


graphed in buffered phenol and butanol : acetic acid : water In contrast to 


sex-specific differences in Culex the paragonia substance of Drosophila was found 


only in the abdominal parts forts have therefore been made to further localize 


the substance by dissecting out various internal organs in the abdomen and 
subjecting each of them to chromatographic analy 
paragonia, and ejaculatory duct. For each analysis the 


individuals had to be used Che results 


SI Che following organs wert 


investigated gut, testes, 
same organ from thirty to fifty mal 


summarized in ‘Table 2 indicate clearly that 


this substance occurs only in the 


\CALIZATIO?D 


The significance its specific location in this particular organ, 


especially its relation t e reproductive mechanisms, will be discussed in a later 


section (see p 296) 


4 Tran plantation of the male senttal disc 


Further evidence showing that the ninhydrin-positive substance has its 


origin in the paragonia has been obtained by transplantation of male genital discs 


in the third larval instar. It is known that in Drosophila the genital ducts with 


their accessory glands and the external genitalia develop from the genital disc 


1949: BopENsTEIN, 1950). The formation of these organs is thus 


If the conclusion presented in the previous 


(HADORN ef al., 


i 


entirely ind pend nt of the gonads 











A SEX-SPECIFIC NINHYDRIN-POSITIVE SUBSTANCI 293 


section is valid, one would expect an increase in the content of paragonia substance 
in those adult males which have received one extra genital disc at the larval stage 
In the first series of experiments we transplanted one male genital disc into a 
larva of the same sex at about 3 davs of age. On the eighth day after emergence 
these males were collected and subjected to chromatographic analysis. Males of 
the same age from the same culture but without transplantation served as controls 


As shown by Fig. 1 and by the data summarized in Table 3 the male adults which 


| | 


have received one genital disc ; the larval tage contall approximately TWIce 


much paragonia substance as the controls his is to be expected because the 


ABLE 3-—( 
HY DRIN-REA(C 


Ninhvdrin-reac 


corn pon nt 


operated individuals had two pairs of paragonia, whereas the controls had onl 


pall here are certall Variations ltl the contents of other ninhvdrin-reac ing 


1 1 
components between operated individuals and control ut the general patter 
is the same 1n both 


] ! ] 
In the second series of experiment one maie gel | GIsc W is transplanted 
a female larva. Again on the eighth day aft g such females were used 


for analysis of the paragonia substance. On tl wo-dimensional chromatograms 


the particular spot, which normally is specific ales only, could be 


distinctly id 1 


entified Mur qui ati\ id : I operated females 
had about the same content this substa n controls (see ‘Table 4) 
‘his demonstrates clearly it ti formation of the paragonia substance 1s 


autonomous. Results of the lantation experiments ; agreement 
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1 the previous section, that the paragonia substance 


1 


ssory glands of the males. 


ND OTHER 
LIES WITH 
DIS¢ 


th of paragonia 
in Fig. 2, the accessory glands of the male flies increase rapidly in 
of imaginal deve lopme nt. We have followed the growth of this 


ts volume and determining its total nitrogen (N). For 


easuring 
lume, paragonia were dissected out from males of desired ages, 


stretched under cover-glass, and their lengths and maximal breadths 


with an ocular micrometer The volume of each gland was then 
assuming its form as a rotational ellipsoid. For determination of 
iltramicro Kjeldahl technique of BorLt and SHEN (1954) was used 


yy the curves in Fig. 3, there is a rapid increase in both the volume and 


total N of paragonia, especially during the early part of adult life. During the 
is 4-7-fold, and that in total N 


1-8 days the re lative increase 1n volume 
lhe data presented in Table 1 show that during the same interval the 
all increase in the co t of paragonia substance is about 3-4 times. It was 


lso found that a distinctly higher content of this substance was determined in 


males beginning from the fifth day after hatching (see p. 291). From Fig. 3 it can 


be seen that this is the time when the paragonia grow to a considerable size 
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\ll these findings suggest that the increase in the content of paragonia substance 


is mainly due to a gradual growth of the accessory glands with the advance of 


adult age. 





296 


6. Hydrolysis of the paragonia substance 
In an earlier paper Fox (1956a) stated that acid hydrolysis of the sex peptide 
yielded two to three ninhydrin-positive spots. In a later work (Fox et al., 1959) 


four or five spots were me ntioned. ‘The amino acid composition of the paragonia 











has been studied by two methods: First, we eluted th paragonia 


substance 
of chromatograms and subjected the eluates to acid 


substance from a number 
hydrolysis (6 N HCl) at 110°C for 10-12 hr. Second, we dissected out a larg 


f paragonia (100-975 pairs) from male adults and subjected the extract 


indicated that the paragonia 


number 0 
directly to acid hydrolysis. Preliminary study 
by far the dominating ninhvdrit posit e comp ment in the extract 


hydrolysate revealed the presence of aspartx 


substance 1s 


of these glands Analysis of the 


acid, glutami acid, glycine, x alanine, valine leucine, and traces of at least two 


other unidentified compounds. However, because of the limited amount of the 


paragonia substance further work is needed to ascertain its chemical nature 


DISCUSSION 


he function of paragonia is still uncertain » far as we know. no satisfactory 


experiment has been carried out to explain the role of these glands in the repro 


ductive mechanism As already de scribed in the previous section, thes paired 


an intensive growth during the first 8 days of adult development 


organs show 





According to Nonipez (1920) ir Drosophila the secretion of paragonia is mixed 
with the spermatozoa in the vas deferens and thus furnishes the liquid part of the 
ejaculate From his morphological and histological observations on Cal iphora 


erythrocephala, BRUEI (1897) considered that the secretion of the paragonia has a 


mechanical effect: it dilutes th sperm fluid and envel the sperm: 


However, in many other Diptera this secretion does not h ts origi 
paragonia. For instance, accordi 
absent in Musca corvina, Dexia 
taken o 
both (Dexia) 

Dh 
melanogaster 
injected spermatozoa tron 
small percentage of thes 
ejaculate from the 
produced mor 
Drosophila 


larger amount 


of the females 








THE EFFECT OF ODOURS ON INGESTION BY THI 
BLOWFLY 


olun ¢ or sore 


Ihe ingestion of both wate! na igal an be blocked or 


Q } 
fatl ird receptor cell in the Same taste receptor (Dy THIER 


ST) ] 
pecific receptor cell for monovalent salts (EVANS and MeL! 





D. R. Evans 


[he present report deals with the question whether attractive and repellent 
odours can drive o1 oppose ing stion of sugar solutions as does stimulation of the 
taste receptors. Odours commonly ar¢ classified as attractants and repellents, and 
thev undoubtedly are involved in the location and recognition of food by insects 
(e.g DeTHIER, 1954). In relation to the ingestive act, the only available evidence it 

ls with odours that evoke proboscis extension by insects (e.g 
MIINNICH, 1921: AppoTTr, 1932). Proboscis extension is, of course, the first sign 
of the feeding response; and it has been employed extensively in the study of 
taste receptors (DETHIER, 55). Nevertheless, the question remains: Do the 
olfactory sense cells make effective connexions with the pathways subserving 
ingestion ? measuring the ingestion of sugar solutions by the 
blowfly in the presence of various odorous compounds, of which some have been 
reported to elicit proboscis extension and some are known repell nts 


VIATERIALS AND METHODS 

he flies were adult Phormia regina Meig., 3—4 days after eclosion. ‘They wer 

maintained on 0-2 M sucrose and then starved for 24 hr just prior to ust 
lest flies for any given experiment were a uniform population reared from the 
same batch of eggs un identical conditions. From this population sub-groups 
ach experiment included one such group as simul- 
iormally: the results are meaningful only with 
eference to these controls since it was not possible to standardize the nutritional 

history of difterent populatior 3; with much precision 


Che flies were mounted on waxed sticks and individually fed as described 


fl 
before (Dr rHIER ef al.. 1956) n duratior ot feeding was measured with a 
stop-watch, and the weight of each fly was detern ined immediately after feeding 


olume ingested. Since the test solution in every case was 2 M 


glucose, the weight ingested represents up to half of the final body weight 
(DETHIER et al.. 1956: EVANs and BARTON BROWNE, 1960); and so total weight ts a 
suitably sensitive mez of the intak« [he average weight before feeding was 
between 25 and 30 meg 

In the first two experim: f Table 1, the flies were fed at the closed end of a 


iA 


vlindrical chamber of plexiglass where there was a dish of cotton saturated 
; : 


odorous materi: he fly was put in the chamber from the opposite end, 
in the chamber as little as possible his method duplicates 

conditions of SAXENA’s (1958) experiments 
its 3 and 4 of Table 1 were performed by merely bubbling ai through 
g stone immersed in n-butanol. The butanol is carried in the air as a 

aerosol as well as a vapour I these circumstances 

lhe remaining experiments deal with \ apours only. Compr: ssed air was cleaned 
passage through sulphuric acid and cotton filters and led into a series of side- 
test tubes which were mounted on a gyratory shaker (Rotary Evapo-Mix, 
Instruments) in a constant temperature water bath (25 C). During shaking, 


suid formed a laver on the sides of the tubes; the lead-in tubes ended in the 
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vortices so formed. ‘Test tubes were a 1 series until weighings during long 
operation indicated the air was saturated with the vapour, i.e. until the last thre¢ 
tubes showed no weight loss in an hour. For the two pure materials tested, 
n-butanol and dimethyl phthalate (DMP) the concentration in air was of the order 
of 10 10-* moles per litre as measured by the loss of liquid Che out-flowing 
air was passed through two cotton-f r flasks, through a flow rate meter 
(Flowrator, Fisher & Porter Co.), and then out of a nozzle 1 1e head of the fly 
which was immediately above the feeding solution. In each experiment, flow rates 
under the several conditions were made equal ually about a litre per minut 
I'he chemicals used were as follows: oil of cloy . Fitzsche Bros., Ir 
caraway oil (U.S.P., Dodge & Alcott Co.):; din vl ithalate (Fisher Sc 
Co.); and n-butyl alcohol (reagent grade, ake 1 al Co.). The caraw 
oil is from the same supplier as that used 
he experiments in 
are only some representati’ 
themselv: s, but at least 


similar results obtained 


number in the text refer 


Initial experiments were erfor to confirm the observatior yf SAXENA 
11 


(1958) to the effect tha s I ( la | > specially 


caraway oil. elicit proboscis 
extension. Merely bring! i fly t container of the oil did frequently 
evoke proboscis extensiotr AX] rted vever, the response did 
resemble the normal feeding : s10n, al ther | iiour accompanied 

normal feeding respons¢ pecifically, all 1 movements resemble 


yur DETHIER and Yo 


the presenc ot repell 
flies in a closed chamber with the oil killed most of them in LO mu irthe: 
when ingestion was measured und nditions similar to those of SAXENA, 
was greatly reduced (I xp. 1) In four such experiments, it was first deter 


which flies would extend their proboscis to the odour alone before feedi 


ow of 


sugar solution. ‘Those which responded to the odour fed less long than those which 


failed to respond; the mean duration 1 h case was less, 


but not significantly 


l‘hese are hardly the results to be « xper ted if the uur elicited a fee dit g respon 


Consequently, it is felt that SAXENA’s experin li 10 | aring oO! olfac 
ind feeding behaviour. Clove oil had essentially tl effects as caraway 
(Exp. 2) 

Next, the if known re ts o1 gestion was examined. At first 
was merely bubbled ni igh 1-butar 3 Both the volume ingested 


the duration of feeding 


' 
| 
I 


reduced lo ensure that the eftect 
not due to accumulation of butanol in the sugar solution, another group was t 
on the solution after the butanol test: these results were not different from 


controls. The effect of butanol, however, was primarily due to butanol cai 





Mean weight +S.I 


(mg) 


44+0 


*334+0 


+S butanol 


intennectom iz 


Duta 


intennectomizec 


Still alt 
Still air 
antennectomized 
Flowing butanol 


antennectomize 
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in the air as an aerosol. ‘These results would not be mentioned, but for a possibly 
interesting after-effect of such treatments. It was found that butanol treatment 
for 1 min very markedly increased the duration and volume ingested 2 min later 
(Exp. 4) 

\ few potentially attractive odours (malt, yeast, beer) were tested in the same 
way, but did not have any effect on feeding 

Using the more appropriate volatilizing method described in Materials and 
Methods, more critical experiments were performed. In Experiment 5, butanol 
significantly reduced the duration, but not so much the volume ingested. Different 
animals on other tests under the same conditions ingested significantly less as 
well (Exp. 6) 

Under the same conditions, caraway oil and the potent repellent, dimethyl 
phthalate, never greatly influenced ingestion (1 xp. 7 and 8) 

While butanol could significantly reduce intake, it remained to show 
olfactory receptors mediated the effect Since Deturer (1952) had show: 
antennae were the principal loci of olfactory receptors in Phormia, antennectomy 
should greatly reduce the ettect of butanol or abolish it if the re sponse were olfactory 
hat was the result obtained (Exp. 9 and 10). Volume and duration were eve 
sometimes greater in the presence of butanol after antennectomy than those of 
the controls, but not significantly so \ntennectomy alone had no etfect on the 
intake of sugar solutions (Exp. 11; EVANs and Barton Browne, 1960) 

Flowing air alone, for unknown reasons, sometimes increased the feeding 
and volume ingested (I xp 5) and sometimes decreased them (I xp. ¥ and 
‘he reduction by the butanol, in any case, exceeded significantly the 
by flowing air (Exp. 9 and 10) 


In the course of thes experiments, a large number of control flies 


some in experiments which are not reported here. From these data was calculated 
the correlation coefhicient between feeding duration and th ! ingested 
207 such tests on 2 M glucose, the average coefficient 


for the subgroups of fifteen to twenty-five animals vari 


DISCUSSION AND CONCLUSIONS 


Caraway oil in the initial experiments reduced intake, bu 


its vapour flowing over the head of the fly did not significantly 


is highly toxic, probably entering via the respiratory system, it is felt that th 


initial results reflect the toxicity. At any rate, the proboscis extension evoked by 
the oil is not a fe ding response, since the vapour r¢ duced intake if it had any ettect 
SAXENA (1958) purported to locate the olfactory receptors on Phormia using thi 
proboscis extension to caraway oil as his criterion. ‘The foregoing consideratior 
appear to make it doubtful that he was in fact studying olfaction, as do his conclu 
sions that olfactory rece ptors are located on almost every appendags 

Butanol, known to be a repellent for Phormia (DeTHteR and Yost, 1952), did 
sometimes greatly reduce the intake of sugar solutions. However, it should bs 


emphasized that only saturated concentrations in air had much effect, and this 





D. R. Evans 
level is as much as 10° times that necessary for repellency (DeTHIER and Yost, 
1952). ‘The effect, nonetheless, appears to be mediated by olfactory receptors 


since antennectomy abolished the effect of butanol. It must be concluded then 


that the olfactory receptors can influence the act of ingestion as well as the location 
very high concentrations of attractants and repellents 


of food, but that probably 
are required for an effect on ingestion. An effective repellent for some Diptera 


(mosquitoes), dimethyl phthalate, did not have any effect on feeding at saturated 


concentrations 1n alt 


fter the present experiments were performed and the manuscript was pre- 


pertinent paper by Dernier (1961) was read. Using entirely different 
reached substantially the same conclusions as we have: namely that 


( 


alcohol (ethyl) at concentrations that are attractive o1 repellent does 


f acceptable materials (water) by the blowfly, Phormia 


ngestion oO 
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FUNCTIONAL CONTRACTURE IN A SPIRACULAR MUSCLE 
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INTRODUCTION 
‘THe spiracular muscles of insects undergo a regular rhythm of contraction and 
relaxation in the intact animal, which is dependent on the discharge of impulses in 
the nerves supplying them (Case, 1957; Hoyie, 1959; Mritier, 1960). When thes 
nerves, which are median and ut paired, emerging from the dorsal surface the 
appropriate ganglion, are severed from their ganglion, the subsequent behaviour of 


the muscle is different in different preparations. In the lepidopteran Hyalophora 


cecropia BECKEL and SCHNEIDERMAN (1957) and Becket (1959) found that abdominal 
t 


spirac les closed immediately following nerve section VitrLLer (1960) observes 


in a few cases the mesothoraci spiracle of the locust, Sc/itstocerca eregaria, 


, ’ 


immediately or very soon after section of the motor nerve, though in mos 
experiments it was some time later, from 1 to 5 days, before closing oc« 
MILLER’s findings were in complete contrast to my own independently 
experiments, in which no spiracles closed within the subsequent life of the a 
which was up to a few weeks, following section of the second thorack 
nerve The se experime nts were made on the Same species as Vin 
gregaria, and also on the migratory locust, Locusta migratoria 
BECKEL experiments it was found that the closed, denervated spiracles ope 
response to a stream of CO, gas directed towards them 

he present investigation was initiated in an ittempt to understan 
conflicting observations of MILLER and mys lf, and to try to reconcile the tv 
of observations. It was possible that the operations on the locusts had beet 
in different ways. MILLER did not describe the methods he used in his paper, but 
he has informed me in a personal communication that he used two different 
methods. One was to insert fine scissors through a slit in the fold of thin cutick 


attaching the base of the coxal joint to the thorax (Fig. 1A). snipping blindly in the 


* Jaffe Research Fellow, R S 





Hoy. 


Che second method was to make an 
e. from the ventral surface. A three-sided flap from 


locust immobilized by CO, was cut out and folded 


Mesothora« 


ar "s 
Cc > 


the mesothoracic ganglion. Precautions wer made to sterilize 


iticle prior to the operation, at d the instruments 
present xperiments the 


were carefully 


locusts were immobilized by freezing 


ice-making compartment of a refrigerator, since it 


that prolor ort d ( ().. anae sthesia does not have lasting eftects 


he exposed gangion n lifted gently upwards with a 
} Y y Z 


verve could be é [his w 


is Is done 


Is SHIPpe d close to the 


disco! nects both spiracl Ss. but if it 


Lt is 
ontrol, it is possible, though somewhat more difhcult, 

Both techniques for denervation led to 
perime nts 


Che former me thod was the same as that 


difterer our results could not be 


anne! ition 


\TIONS 


were rept ited following the 
but only one animal, a 
ition. Later its denervated 


cles remained opened Why, 
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ge is interrupted in the normal opening/closing control rhythn he extent 
spiracles is, in fact, very variable in the normal opening closing 
Opening is particularly slight in an animal well-fed on grass, or 
somewhat dehydrated by removing water from the cage and feeding on bran. 
[hus it might well be that a slight contracture can be present under normal 
conditions. Three possible explanations occur to mind as to why the contracture 
is greater after denervation. The muscle fibres might become more sensitive 
following denervation, as in ordinary vertebrate skeletal muscle they become more 
sensitive to acetylcholine (AxELsson and ‘THesLerr, 1959). ‘The quickness of the 
effect argues against this possibility. Alternatively, in the normal situation there 
may be a rebound following the closing contraction, in which the muscle is less 
sensitive to the constant contractural stimulus. ‘Thirdly, it may be that the increase 
in carbon dioxide concentration locally, caused by chemical events associated 
with the closing tetanus, temporarily inhibits the contracture. It is known that the 
normal neuromuscular excitation processes in the spiracular muscle are inhibited 
by CO, gas (Hoye, 1960). But the gas also has some internal action not related to 
the synaptic mechanism, because at very low levels of CO, a reduction in twitch 
tension occurs before there is an appreciable attenuation of the electric potential 
changes. This second inhibitory mechanism could presumably also act against 
the contractural agent. MILLER (personal communication) finds that spiracles 
denervated 3-4 weeks prior to experiment do not open up when locust saline is 
applied, although confirming that more freshly denervated ones do. Further 
changes must occur after prolonged denervation. 

When the muscle is freshly exposed under conditions in which the contracture 
can be expected to occur it is quiescent during the silent interburst period. Almost 
immediately following section of the spiracular nerve, i.e. after the closing bursts 
have ceased, it shows spontaneous local contractions which propagate slowly, the 
classical waves of action characteristic of arthropod muscle which were photographed 
so beautifully many years ago by HUrTHLE (1909). ‘These waves cease instantly if 


locust saline is then bathed over the muscle. 


The action of potasstum tons 

[he second thoracic spiracular muscle of Schistocerca was bathed in raised 
potassium ion concentrations using salines prepared by substituting potassium for 
sodium in the saline employed. ‘Tension was recorded in the manner described in 


an earlier paper (HOYLE, 1959), or by placing the stylus against the rim of the 


posterior valve, with the valve in the wide-open position. Instead of the piezo- 


electric crystal used previously an RCA 9534 mechanoelectronic transducer valve 
was employed, connected directly to the input of a ‘Tektronix 502 oscilloscope, so 
that recording was direct-coupled throughout and recorded very nearly isometrically. 

No tension was developed in potassium concentrations below about 30 mM/1 
With only minutely higher concentrations a marked contraction of the muscle 
occurred (1 ig 2). The tension then deve lope d did not decay qui¢ kly, but remained 


at or slightly below its peak value for many hours. It may thus be referred to as a 
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contracture. With higher potassium concentration greater and greater tensions 
develop, eventually exceeding the maximum tetanus tension. Even this relatively 
great tension was maintained by the muscle for many hours (Fig. 3). Maximum 


sh 











J ' Tperililiuu 
10 20 30 50 100 mM K 
l ] = a = | 

60 40 29 18 oO mV 


Fic. 2. Tension developed by spiracular muscle plotted against potassium concentration 





in bathing fluid. Potassium concentration was raised by replacing sodium chloride in saline 
by potassium chloride. The vertical bars give full range of tension variation encountered in 
different preparations. Curve is drawn through means. Mean membrane potential 


muscle fibres also shown on lower horizontal scale 


tension occurred at about 70 mM potassium. The corresponding mean mem- 


brane potential for onset of contracture was 34 mV, compared with a mean 


resting potential of 60 mV. Maximum tension occurred at a mean of 18 m\ 
membrane potential. 

For tension development in high-potassium applications of only a few minutes 
duration the tension was fully reversible, the muscle quickly relaxing on being 
returned to normal locust saline. Several cycles of contraction and relaxation 
could be obtained by repeated alternate application of ordinary locust saline and 
high-potassium saline. 

A similarly prolonged contracture was set up in a saline in which the chloride 
was replaced by sulphate, but in potassium bicarbonate the initial tension, although 
as high as in chloride, was not maintained (see below). 

The contracture of frog skeletal muscles and of heart muscle in response to 
high potassium is prevented in the absence of external calcium (FRANK, 1960; 
NIEDERGERKE, 1956). Thus it was important to know if calcium was required for 
the potassium-contracture of the spiracular muscle, and what effects it had on the 


quantitative relations of potassium concentration to tension Surprisingly, it was 
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found that calcium did not affect the contracture in any way, between the limits 
zero to 20 mM Ca/l. An isotonic solution of potassium chloride or sulphate alone, 
in the complete absence of calcium, sustains the contracture within the life of the 


preparatior his fact and the results of other experiments on the action of mineral 


ions on the contracture will be described and discussed in detail elsewhere. 


Carbon dioxide and contracture 
technique for studying the action of carbon dioxide gas on tension deve lop- 
the closing muscle has been described previously (HoyLe, 1960). ‘The gas 
is injected into the local tracheal supply. When this was done after first causing the 


go into contracture by raising the external potassium concentration the 


all in tension depended on the con- 


pplication \ ‘pulse’ of pure 

reduced the tension evoked by 

Full recovery occurred within 

urred within 30 msec of injection 

1-4 sec to fall to the fullest extent 

is presumably it ge part caused by the time required for the diffusion 

into the innermost fibres. Recovery starts almost immediately after 
] 


inject t] v% and replacing it by oxyg¢gel 
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The time-course of the inhibitory action of carbon dioxide gas was not 
significantly different in a solution containing 70 mM potassium, but normal con- 


centrations of all other ions except sodium, and one containing approximately 











isotonic, pure potassium chloride (150 mm) alone. ‘The membrane resting potentials 
of the muscle fibres, depolarized he high potassium solutions and measured with 
the aid of conventional glass electrodes, were not altered by the injected gas. The 
time-course of the inhibitory action on contracture (Fig. 4A, B) may be compared 
with its action on a tetanus (Fig. 4C). Recovery starts much sooner in the case of 
contracture 

‘hese experiments further prove that carbon dioxide gas is capable of inhibiting 


some internal process, either the excitation/contraction coupling mechanism or 


that of the contractile machinery itself (HoyLE, 1960). It is transported to its site 


of action very rapidly, in the tracheoles. Bicarbonate ions have a similar action, but 


take many hundreds of times longer to act 
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Specificity of the potasstum contracture and carbon dioxide inhibitory mechanisms 


The question arose as to whether or not these mechanisms are common to other 
insect skeletal muscles, or confined to the spiracular muscle. Accordingly the 


Fic. 5. Lack of maintained contracture in metathoracic extensor tibiae muscle in 


150 mM potassium chloride, applied at arrow. Initial contraction is brief tetanus. Time 
cal In in 


effect of raised potassium on tension development by the extensor tibiae muscles 
was investigated. ‘The mesothoracic extensor tibiae (jumping muscle) gives a 
powerful contraction when suddenly perfused with saline containing 70 mM K. 
This is maintained for only about 1 min, after which it declines rapidly (Fig. 5). 
‘The contracture develops equally powerfully and relaxes after a similar interval of 
time if the leg is first kept for a few minutes in an atmosphere of pure carbon 
dioxide gas. 

\ much more prolonged contracture is developed by the extensor tibiae of the 
mesothoracic leg, and although it declines more rapidly than that of the spiracular 
muscle, some tension persists for many hours. It thus occupies an intermediate 


position. ‘The jumping leg may be compared with the frog sartorius in relaxing in 


the presence of high potassium. The mesothoracic extensor muscle corresponds to 
the rectus abdominis, which maintains a contracture which declines only very 
slowly, over many hours. The spiracular muscle is an extreme example. It should 
be emphasized that the spiracular muscle does not go into rigor, for it relaxes fully 


on being returned to normal locust saline. The contracture of the mesothoracic 
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leg was likewise reduced but slightly when the experiment was performed in an 


atmosphere of carbon dioxide gas 

Thus it seems that the carbon dioxide inhibitory mechanism is peculiar to the 
spiracular muscle. ‘The potassium contracture mechanism is present in other 
locust muscle but is of different durations in different muscles, having its greatest 
duration in the spiracular muscle. MILLER (1960) suggested that the thin fibres of 
the core (Hoye, 1959) are specially responsible for maintained contractions but 
this suggestion is not borne out by the present observation that the prolonged con- 
tracture tension equals or exceeds maximum tetanus tension and must therefore be 


developed by the whole muscle 


DISCUSSION 

The experiments described above form a basis for proposing a hypothesis of 
functional potassium contracture in spiracular closing muscles of locusts. In a 
locust which has fed well on summer grass the level of potassium in the haemolymph 
may exceed the threshold level for throwing the spiracular muscle into con- 
tracture. Although by no means reaching peak contractural tension level, the force 
developed would certainly be adequate to close the spiracle It is thus possible to 
explain why spiracular muscles sometimes go into contracture immediately follow- 
ing denervation. ‘The most probable reason why, under the same conditions, the 
spiracle still opens partly during the rhythmic silent periods following cessation of 
the nerve discharges is that the brief closing tetanus will have led to an increase in 
the local CO, concentration sufficient to inhibit the contractural stimulus. ‘The 
tetanus due to the closing burst leads to the development of more tension than can 
be inhibited by this low level of CO,. Some inhibition must occur, but since the 
effect is a graded one, the tension must be lowered to a critical level before closing 
is prevented, and this critical level is just not reached 

(he contractural mechanism outlined could have functional significance in 
certain aspects of the normal life of the animal. In particular, it forms a safety- 
valve mechanism which will help to prevent further loss of water under very dry 
conditions or temporary food deprivation. It can be expected that the mineral 
concentration of the haemolymph will rise at such times and probably the potassium 
level will exceed the contractural threshold. The spiracle will then open only 
minimally and so prevent further desiccation. The opening and closing of the 
spiracle will become largely independent of the nervous discharge and controlled 
mainly by the local CO, concentration, the muscle relaxing only when this rises to 
a high level. The more the insect dries out, the less the spiracle will open. Of 
course this need not be an exclusive mechanism, other factors in the blood, including 
hormones, might play a similar or augmenting role. However, it is not necessary 
to postulate any additional mechanism to account for the phenomena observed 
so far 

An additional functional value of the mechanism occurs at the time of moulting 
which is a critical one regarding water loss. It is interesting to recall that this is a 


time when the haemolymph potassium, due to unknown causes, rises to a very high 





(Hoye, 1956). Thus the spirack will open only minimally at this time, 


it is all important to prevent water loss 


1y be deduced that the spiracles will open minimally following 
Chis should reduce the intake of oxygen and in turn lead to a 
known that locusts become very quiescent after feeding 
blood-potassium level after feeding reduces 


addition, reduced spiracular opening 





THE EFFECT OF y-BHC AND OTHER INSECTICIDES ON 
ACh LEVELS IN THE COCKROACH 
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Abstract 
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MATERIALS AND METHODS 
\ll experiments were carried out on adult male cockroaches (P. americana) 
reared at 27°C and 40 per cent r.h., and maintained on rolled oats, toppings, fish- 
meal. and veast. Handling of the insects was facilitated by cooling them to 4°C 
immediately before the application of the insecticide 
Ringer’s solution. NaCl, 7 g; KCI, 0-14 g; CaCl,, 0-12 g; NaHCO,, 0-2 g; glass- 
distilled water to 1 litre 


Isolation of tissue and extraction of acetylcholine 


Whole thoraces. ‘These were isolated and extracted in groups of five in the 


manner outlined by Lewis et al. (1960) 


Thoracic remainders. (See Fig. 1.) The cockroach was pinned on its back on a 


small piece of cork 2 x 1 in. and frozen in liquid nitrogen. Using the circular saw 


Ventral strip 
containing nerve cord 


— 


Thoracic 


b 
| remainder 


j 


1 thorax illustrating terms ‘ventral strip’ and 


horacic remainder’ 


described by Lewis et al. (1960) a ventral strip of tissue, containing the thoracic 
nerve cord, was removed from the thorax and the thoracic remainder stored in 
liquid nitrogen. In some experiments the thoracic remainder was obtained from 
the unfrozen insect by removal of the ventral strip with scissors. ‘Thoracic 
remainders were extracted in groups of five in the manner described for whole 
thoraces (see abov Cd. 

Verve cord and gut. The cockroach was pinned out, dorsal surface uppermost, 


and a median longitudinal incision made in the thorax. The gut was removed and 
the exposed nerve cord dissected from the insect and plunged into liquid nitrogen 
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l'en nerve cords were dispersed at — 70°C in 2 ml 2 trichloroacetic acid in ether 
in a Potter—Elvehjem homogenizer and extracted by the method of Fow.er and 
Lewis (1958). When the gut was to be extracted it was lifted gently and cut 
immediately in front of the gizzard and at the neck and the portion so removed was 
stored in liquid nitrogen and extracted in groups of ten, as in the method for nerve 


Cor ds desc I ibed abc ve 


Icetylcholine assays 

The extracts were assayed on the eserinized rectus abdominis muscle of the 
frog, with controls to allow for the presence of sensitizing substances (FELDBERG, 
1945). ‘The controls were prepared as described by Fow ier and Lewis (1958) 


ACh values are given in terms of acetylcholine ion (C;H,,O,N*) 


RESULTS 

1Ch levels in the thorax 

Cockroaches in groups of forty were treated with one of the following insecti- 
cides: DDT, y-BHC, aldrin, or pyrethrum which was applied in 1 or 2 pl of the 
appropriate solvent (see Table 1) to the dorsal surface of the abdomen. The insects 
were confined singly under jars inverted on circles of filter paper and kept at 25 °¢ 
without food or water. The time at which each insect was first unable to right itself 
after being placed on its back was noted. After a further 18-20 hr, when the insects 
had reached the late prostrate stage, i.e. were showing only feeble movements of the 
appendages, they were plunged into liquid nitrogen. Cockroaches treated with 
1 or 2 ul of the appropriate solvent alone, and kept under the same conditions as the 
poisoned insects, were used as controls. Whole thoraces from the treated insects 
and from the controls were stored in liquid nitrogen before being extracted as 
described above. The results of four such experiments are shown in ‘Table 1. It 
can be seen that each of the insecticides produced a substantial increase in th 
ACh content of the thorax. y-BHC at the dose indicated in ‘Table 1 was chosen 
for all further experiments in view of the high level of ACh it produced in the 
cockroach thorax 
1Ch levels in the whole thorax and in the thoracic nerve cord 

In a previous communication on the effect of DDT on levels of ACh in the 


cockroach (Lewis et al., 1960), a comparison was made between our results for 


whole thoraces and those of earlier workers for thoracic nerve cords. ‘This showed 


that the percentage increase in ACh in the whole thorax of the DD'T-poisoned 


insect was greater than that in the nerve cord. In the following experiment thi 
levels of ACh in whole thoraces and in thoracic nerve cords removed from insects 
poisoned with y-BHC were examined in order to show whether a similar differenc 

could be demonstrated. Cockroaches at the late prostrate stage were frozen in 
liquid nitrogen and the thoraces cut from the frozen insects. The thoracic nerve 
cords were removed from an equal number of unfrozen insects at a similar stage of 


prostration. Both thoraces and thoracic nerve cords were extracted in groups of 
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five. The results in Table 2 show that the difference between the percentage increase 


in ACh in the nerve cord and that in the whole thorax is apparent in the y-BHC- 


poison d insect also 


EFFECT O SECTI YES ON THE LE\ w ACh IN COCKROACH WHOLI 
HORACES 


lr le h (ug Mean 


ind increase 


‘ ipphea orm i prostrat { ) 


U-SS 
1-04 
U-sY 
rsY 
PY) 


iii 


Effect of dissection on the level of ACh in the thorax 


lhoracic nerve cords from cockroaches brought to the late prostrate stag: by 
treatment with y-BHC were frozen and extracted together with the remains of the 
thoraces from which they had been isolated. Cockroaches at the same stage of 
prostration were frozen in liquid nitrogen and the whole thoraces, cut from the 
frozen insects, were extracted. The results are shown in Table 3. In both the 
control and the treated insects the ACh content of the dissected thorax is less than 
that of the thorax extracted without prior dissection. In dissecting the thorax a 
portion of the gut was removed and therefore it was necessary to estimate the ACh 


content of this tissue separately. Determinations carried out on similar portions of 


the gut, removed from three groups of ten cockroaches at the late stage of prostra- 


tion, indicated that although a considerable increase in ACh occurs in this tissue the 
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0-003 ug/gut; treated, <0-02 pug/gut) 
3. ‘Thus there appears 


absolute amounts are so small (control, 


that they do not materially affect the results shown in Table 
to be some loss of ACh from the thorax, particularly from the poisoned insect, 


raspLe 2—Errect -BHC-Ppotson IN TH E' ACh IN THE THORAX A> 


\rHORAC THE COCKROACH 


when this is dissected 


increase 1n the level of A¢ 
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lables 2 and 3), and therefore the level of ACh in the remainder of the thorax 


was examined. 


1Ch in the thoracic remainder 

Preliminary experiments with untreated cockroaches had shown that the amount 
of ACh in five thoracic remainders was not sufficient to be assayed on a frog muscle 
of normal sensitivity. In order to avoid extracting an excessive amount of tissue 
1 ug of ACh was added to 20 ml of extract from five thoracic remainders, so as to 
provide sufficient ACh to assay. In calculating the amount of ACh originally 


TABLE 4—Errect or y-BHC ON THE LEVEL OF ACh IN THE THORACIC REMAINDER OF THI 
COCKROACH 


ACh (yg/thoracic remainder) Mean 
Expt increase 
Normal Late prostrate 


0-09 
I. Frozen insect Z 0 


Mean 


II. Frozen insect 


III. Unfrozen 
insect 


present in this extract 1 «~g was deducted from the value determined. ‘This same 
method was used to estimate the ACh levels in thoracic remainders from both 
normal and y-BHC treated insects. The results are shown in Table 4 (experiment 
I). In this experiment the thoracic remainders were prepared by cutting the ventral 
strip from the thorax of the frozen insect. In further experiments thoracic 
remainders cut from both frozen and unfrozen insects were extracted. For the 
assay of these extracts a particularly sensitive frog muscle preparation was available 
and therefore the addition of ACh was unnecessary. The results obtained in two 
such experiments, using two groups of five insects in each, are also shown in 
Table 4 (experiments II and III). ‘Thus it is clear that there is a striking increase 
in the level of ACh in the thoracic remainder isolated from either the frozen 


or the unfrozen insect. 


DISCUSSION 
‘he treatment of cockroaches with various insecticides induces a phase of 
prolonged prostration which is accompanied by an increase in the level of ACh in 
the thorax. This finding is in keeping with the reports of previous workers who 
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examined thoracic nerve cords from insects which had reached a similar stage of 
prostration (‘Tostas et al., 1946; FERNANDO, 1952; CoLHouN, 1960). It does not 
appear from our results that it is possible to correlate the size of the increase with 
the time required to produce prostration. For example, cockroaches treated either 
with y-BHC or with pyrethrum became prostrate in 1-4 hr, but at comparable 
times after prostration the increase in the level of ACh in the insects poisoned with 
y-BHC was twice that in insects poisoned with pyrethrum. On the other hand, 
prostration by treatment with DDT occurred after 40 hr but the increase in ACh at 
the late prostrate stage was similar to that found in insects poisoned with pyrethrum. 
Furthermore, the size of the increase is not simply a function of the time after 
prostration, since this was constant for each of the insecticides used 

A more detailed examination of the y-BHC-poisoned cockroach has shown that 
the ACh found in the thoracic nerve cord accounts for only 36 per cent of the ACh 
in the whole thorax, whereas in the normal insect about 80 per cent of the 
ACh in the whole thorax is found in the isolated nerve cord. Since isolation of the 
thoracic nerve cord involves the dissection of the live insect, the possibility that a 
loss of ACh occurs during the dissection was examined. The recovery of ACh 
from dissected thoraces, extracted together with their excised nerve cords, was found 
to be less than that from whole thoraces cut from frozen insects. The difference was 
most marked in thoraces from poisoned insects and shows that ACh can be lost 
when the live insect is dissected. However, it is not possible to say whether this loss 
is from the nerve cord itself or from other parts of the thorax. Nevertheless, even 
after dissection, the percentage increase in ACh in the thorax of the poisoned insect 
is still greater than that in the thoracic nerve cord, which suggests that the level of 
ACh increases in parts of the thorax other than the nerve cord. In order to examine 
this possibility a ventral strip of tissue containing the nerve cord was cut from both 
the frozen and the unfrozen insect and the thoracic remainder was extracted. Results 
obtained with these preparations (Table 4) showed that in the poisoned insect the 
percentage increase in the level of ACh in the thoracic remainder is about three to 
four times greater than that in the whole thorax, and at least ten times greater than 
that in the thoracic nerve cord. Thus it would appear that an accumulation of 
ACh in part of the thorax other than the nerve cord is partly responsible for the 
discrepancy between the percentage increase in the thoracic nerve cord and that 
in the whole thorax. If the loss of ACh, which occurs when the thorax of th 
poisoned insect 1S dissected, is from the nerve cord then this, too, would be a 
contributory factor. 

Consideration of the results in Tables 2 and 4 suggests that the ACh recovered 
from the thoracic nerve cord plus that from the thoracic remainder does not 
account for all the ACh in the thorax, particularly in the poisoned insect. ‘Th 
most likely explanation of this anomaly is that ACh is lost, even from the frozen 
thorax when this is dissected. The rapidity with which ACh may be lost fron 


frozen tissue which is allowed to thaw has been shown both in insects (LEwIs anc 


1 
SMALLMAN, 1956; FowLeR and Lewis, 1958) and in vertebrates (HOBBIGER and 
WERNER, 1948) In cutting the ventral strip from the frozen thorax the temperatur« 
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of the tissue adjacent to the saw may have been high enough to allow the enzymic 
hydrolysis of ACh to occur. ‘This suggestion is supported by the fact that even in 
normal insects only 0-16 wg ACh was found in ventral strips from frozen insects 
(unpublished observations) whereas thoracic nerve cords isolated from unfrozen 
insects contained 0-19 ug/cord. In view of these difficulties it seems likely that the 
level of ACh determined on dissected thoraces must be regarded as minimal. 

Che chemical identification of the substance which accumulates in the thoracic 
remainder has not been attempted. However, it has been shown to resemble ACh 


I 


in that it is destroyed by dilute alkali and furthermore its action on the frog muscl 


is potentiated by eserine to about the same extent as that of ACh (unpublished 


observations) 

With regard to the particular tissue in the thoracic remainder responsible for 
the increase in ACh little can be said It does not appear to be associated with the 
gut since the amount of ACh found in this tissue is far too small to account for the 
increase observed in the whole thorax. Furthermore, part of the gut would probably 
have been removed with the ventral strip when this was cut from the thorax It 

not seem likely that ACh is produced by th thoracic flight muscle, sinc: 
(1958) has shown that this tissue does not contain choline acetylas¢ 

has previously been reported by FERNANDO (1952) that an increase in the 

f ACh other than that in the central nervous system occurs in cockroaches 

1 with DD'T. He observed a large percentage increase in ACh in the 

lerm of the body wall of the abdomen. ‘The percentage increase was greater, 

is detectable at an earlier stage of poisoning, than that in the nerve cord 

ANDO considered that the accumulation of ACh found in the abdominal 

reparation occurred in the peripheral nerve net. ‘The suggestion that ACh may 

( ilate in the peripheral nervous system of the poisoned insect is attractive, 

ut must remain a matter for speculation until portions of this system have been 
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